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A b stract
O rgan om eta llic  r e a g e n ts  were em ployed in  th e  s y n th e s is  o f  d e s ir e d  
h e te r o c y c l ic  compounds. M etal a c e t y l id e s  such  as a c e t y le n e b i s (magnesium  
brom id e), sodium a c e t y l id e ,  and l ith iu m  a c e t y l id e  e th y len ed ia m in e  
complex were e v a lu a te d  fo r  u se  in  th e  p r e p a r a tio n  o f  a c e t y le n e - d io l s  
th a t  c o n ta in  an a za flu o ren o n e  su b u n it . 9 * 9 ’-E th y n y len eb i s - U ,5 -d ia z a -  
f lu o r e n -9- o l  ( j^ )  was prepared  by trea tm en t o f  U, 5-d ia z a f lu o r e n o n e  (^) 
w ith  sodium a c e t y l id e .  The i n s o l u b i l i t y  o f  9 ,9 '  -e th y n y le n e b i s - ^ ,5 -  
d ia z a f lu o r e n -9- o l  p r o h ib ite d  c o n v e rs io n  t o  th e  co rresp o n d in g  cum ulene,
1 , U- b i  s (d ia z a b ip h e n y le n e J b u ta tr ie n e .
A low  v a le n t  t ita n iu m  rea g e n t g en era ted  from e i t h e r  t ita n iu m  t r i -  
c h lo r id e - l ith iu m  alum inium h yd rid e  (T iC l3-LAH) or t ita n iu m  t r i c h l o r i d e -  
sodium CTiCl3-M) was em ployed t o  r e d u c t iv e ly  co u p le  a s e r ie s  o f  h e te r o ­
c y c l i c  k e to n es  t o  th e  corresp on d in g  o l e f i n s .  3 -B e n z o y lp y r id in e  was 
t r e a te d  w ith  T iC l3-LAH t o  a f fo r d  th e  E and Z_ isom ers o f  1 , 2 -d ip h e n y l-
l ,2 - b is C 3 '- p y r id y l) e t h e n e  ( l l £ ) .  An NMR E u -s h if t  s tu d y  con firm ed  th e  
id e n t i t y  o f  each  iso m er, 5-D ia za flu o ren o n e  was t r e a t e d  w ith  th e  low
v a le n t  t ita n iu m  rea g en t t o  a f fo r d  b i s ( U, 5 -d ia z a f lu o r e n y lid e n e )  ( 1 0 ) .  
T iC l3~LAH produced r e d u c t iv e  co u p lin g  betw een  an eq u a l m olar m ixture  
o f  1+, 5-d ia z a f  lu o ren on e and 9 -f lu o r e n o n e  t o  g iv e  an un sym m etrical 
o l e f i n ,  b , 5 -d ia z a f lu o r e n y lid e n e f lu o r e n e  C ll8 ) .  I f  th e  h e t e r o c y c l ic  
keton e p o s se s se d  a  s i t e  o f  m eta l co m p lex a tio n , a  t ita n iu m  c h e la te d  
in term ed ia te  fo rm s. T h is c h e la te d  in te r m e d ia te  pu rsued  an a l t e r n a t e  
r e a c t io n  pathway and p red om in ate ly  a f fo r d s  th e  p rod u ct o f  s im p le  
red u c tio n  and o th e r  co u p led  p ro d u cts . P h en yl 2 -p y r id y l  k e to n e  a ffo rd ed
xiii
p h en y l( 2-p y rid y lJm eth an o l and 1 , 2 -d ip h e n y l- 1 , 2- b i s ( 2 ' - p y r id y l}e th a n e  
when tr e a te d  w ith  th e  lo w  v a le n t  t ita n iu m  r e a g e n t . L ik e w ise ,  
b is  ( 2- p y r id y l ) k e to n e  a ffo r d e d  b i s  ( 2 -p y r id y l  )m eth an ol, under th e  same 
c o n d it io n s .
The p rep a ra tio n  o f  onych in e C ^ -m e th y l-l-a z a f lu o r e n o n e ) , an 
a lk a lo id  d er iv ed  from th e  tru n k  wood o f  Onyehopetalum amazonicum  
(A nnonaceae), was attem pted  s t a r t in g  from  1 -a z a f lu o r e n o n e . S p iro [9H -  
in d en o[2 , l - b ] p y r id i n e ] - 9 s2 ’- I l , 3 j - d io x o la n e  Q ^ ) ,  prepared by 
k e t a l i z a t io n  o f  1-a z a flu o re n o n e  u s in g  stan d ard  m ethods, was t r e a t e d  
w ith  lith iu m  d im ethylcopper in  an a ttem p t t o  m eth y la te  th e  ^ -p o s i t io n  
o f  th e  p y r id in e  r in g  v i a  a 1 , ^ -a d d it io n . The a z a flu o r e n e  m o ie ty  i s  
r e s i s t a n t  t o  t h i s  ty p e  o f  a d d it io n .
C y c lo m eta la tio n  o f  2 -p h e n y lp y r id in e  was attem p ted  u s in g  n -  
b u ty ll ith iu m  as th e  m e ta la t in g  a g e n t . Treatm ent o f  2 -p h en y lp yr  id in e  
w ith  n -b u ty llith iu m  a t  tem p eratu res r a n g in g  from -20°C  t o  -90°C  , 
a ffo rd ed  a co m p etit io n  betw een o r th o -m e ta la t io n  o f  th e  p h en y l r in g  
and a -a d d it io n  o f  n -b u ty ll ith iu m  t o  th e  p y r id in e  r in g .
2 ,6 - D i l i t h io p y r id in e  was prepared  by  t r e a t in g  2 ,6 - d i io d o -  or
2 . 6-d ibram opyrid ine w ith  e x c e s s  n - b u t y l l i th iu m  in  te tra h y d ro fu ra n  
CTHF). The 2 , 6- d i l i t h i a t e d  in te r m e d ia te  was trapp ed  w ith  th e  
fo llo w in g  e l e c t r o p h i l e s : carbon d io x id e , d im ethyl d i s u l f i d e , and
deuterium  o x id e . 2 ,6 -D iio d o p y r id in e  was prepared by t r e a t in g  e i t h e r
2 . 6-d ibrom o- or 2 , 6-d ic h lo r o p y r id in e  w ith  e x c e s s  sodium io d id e  in  
r e f lu x in g  h y d ro io d ic  a c id .
H e te r o c y c lic  a c e ty le n e s  were p rep ared  by e i t h e r  a deh yd roh a lo -  
g en a tio n  r e a c t io n  or a s u b s t i t u t io n  r e a c t io n  em ploying a c a t a l y s t , 
d ic h lo r o b is  C triphenylphosphine )pall.ad iu m (,II ) -cop p er (.1 ) io d id e  ( ^ ^ )  •
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b is  [ 2 -  ( 6-M eth y l) p y r id y l  ] ac e ty le n e  (^66^ ) was prepared by t r e a t in g  1 ,2 -  
d i l 2 ' - ( 6 , - m e t h y l) p y x id y lJ - l ,2-d ibrom oethane w ith  r e f lu x in g
a lc o h o lic  p o tassiu m  h y d ro x id e , b i s { 2- C6 -B r o m o ]p y r id y l]a c e ty len e  
was prepared  by trea tm en t o f  2 , 6-d ib rom op yrid in e  w ith  th e  c a t a ly s t  
1^5 and a c e ty le n e  in  t r ie th y la m in e , Treatm ent o f  2 , 6 -d ib rom op yrid in e  
w ith  th e  c a t a ly s t  and a c e ty le n e  in  d ie th y la m in e  a ffo r d e d  1 , 2- b i s  
{2*-C6 '-b r o m o )p y r id y l]e th e n o l C.^ 6^ ) . A mechanism in v o lv in g  p r io r  
form ation  o f  a c e t y le n e ,  a d d it io n  o f  s o lv e n t ,  d ie th y la m in e , and su b se ­
quent h y d r o ly s is  i s  p o s tu la te d  t o  accou n t fo r  t h i s  p ro d u ct.
The p rep a ra tio n  o f  a c e ty le n e s  and ^66^ a llo w ed  th e  s y n t h e s is
o f  an o r th o -c y c lo p h a n e , w hich  c o n ta in s  th e  2 , 6-p y r id in o  su b u n it . 
Treatment o f  a c e ty le n e s  and ^66b w ith  2-p yron e a ffo r d e d  1 ,2 - b i s  
12 , -C6 , -bromo) pyr id y l ]  benzene ( 6^ )  and 1 , 2- b is  [ 2 1 - ( 6 1 -m eth y l )p y r id y l]  
benzene ( 6£ £ ) , r e s p e c t iv e ly .  B rom ination  o f  6^  w ith  N -brom osuccin - 
im ide tXIBS) a ffo r d e d  1 , 2 - b i s I 2 1-C 6 1 -b rom om eth y l)p yrid y l]b en zen e  ( l 6^ ) , 
which was c y c l i z e d  u s in g  sodium s u l f id e  nanohydrate in  e th a n o l under  
high  d i lu t io n  c o n d it io n s  t o  g iv e  2 - t h i a [ 3 . 0 . 0] t2 , 6 ) p y r id in o ( l ,2 ) -  
benzeno (.2, 6 Jpyridinophane Cl6 8 ) ,
xv
In tr o d u c tio n
O rgan om eta llic  r e a g e n ts  are  perhaps some o f  th e  m ost u s e f u l  syn ­
t h e t ic  t o o l s  a v a i la b le  t o  c h e m is ts . These v e r s a t i l e  r ea g e n ts  w ere  
u t i l i z e d  in  t h i s  r e se a r c h  endeavor t o  prepare d e s ir e d  h e te r o c y c l ic  
compounds or  t o  produce a s y n t h e t i c a l ly  u s e f u l  h e t e r o c y c l ic  in t e r ­
m ed ia te . W hile th e  s tr u c tu r e  o f  o rg a n o m eta llic  r e a g e n ts  and mechanism  
o f  th e s e  r e a c t io n s  in  s o lu t io n  a re  o f  i n t e r e s t , th e  main th r u s t  o f  
t h i s  work was s y n t h e t ic .  The s tr u c tu r e  and mechanism o f  organo­
m e t a l l i c  r ea g e n ts  a re  d e a l t  w ith  in  d e t a i l  in  th e  l i t e r a t u r e . 1 
O rganom etallic  r e a c t io n s  w ere perform ed on a v a r ie t y  o f  h e t e r o c y c l ic  
s u b s tr a te s  , and in v o lv e d  d iv e r s e  ty p e s  o f  o r g a n o m e ta llic  r e a g e n t s . In  
order t o  p r e se n t t h e s e  r e a c t io n s  and sy n th ese s  in  a  l o g i c a l  fa s h io n  
th e  In tr o d u c tio n  i s  d iv id e d  in t o  th e  fo l lo w in g  s e c t io n s :  I .  Prepa­
r a t io n  o f  A c e ty le n e -D io ls , Cum ulenes, and O le f in s ; I I . M e ta lla t io n  o f  
h e te r o c y c l ic  Compounds; and I I I .  S y n th e s is  o f  A c e ty le n e s  and R e la ted  
Compounds. As w e ll  a s  d is c u s s in g  th e  s y n th e s is  o f  th e  t i t l e  compounds, 
S e c t io n  I  a ls o  in tr o d u c e s  th e  a z a flu o r e n o n e s , k e to n es  which p la y e d  a  
s ig n i f i c a n t  r o le  in  th e  p r e p a r a tio n  o f  h e t e r o c y c l ic  a c e t y le n e - d io ls  
and o l e f i n s .  S e c t io n  I I  c o n s id e r s  c y c lo m e ta lla t io n  r e a c t io n s  and 
m e ta l la t io n  o f  h a lo h e t e r o c y c le s . S e c t io n  I I I  d is c u s s e s  s y n th e t ic  
r o u te s  a v a i la b le  t o  p rep are a c e t y le n e s  and in tr o d u c e s  cyclop hane  
ch e m istr y , s in c e  th e  a c e t y le n e s  a re  co n v en ien t s t a r t in g  m a te r ia l fo r  
t h e ir  p r e p a r a tio n .
1
I. Preparation of Acetylene-Piols, Cmmlenes, and Olefins.
A za flu o r e n o n e s , p a r t ic u la r ly  H, 5 -d ia z a f lu o r e n o n e  Q .) , 1 ,8 - d ia z a -  
flu o ren o n e  ( £ ) ,  and 1-a z a flu o re n o n e  ( ^ ) , were th e  s ta r t in g  h e te r o ­
c y c l i c  k e to n es  in  s e v e r a l s y n th e t ic  r o u te s  in v o lv in g  o r g a n o m e ta llic  
r e a g e n t s .
P r io r  t o  197^ t h e s e  compounds w ere o n ly  a c c e s s ib le  w ith  d i f f i c u l t y  by  
a b a se -in d u ced  b e n z y lic  a c id  rearrangem ent o f  th e  a p p ro p r ia te  a z a -  
ph en anth renequ inon e, which i s  p rep ared  v ia  a te d io u s  sequence in v o lv in g  
a Skraup s y n t h e s i s . 2 A zaphenanthrenequinones a re  o n ly  s l i g h t l y  more 
a c c e s s ib le  a s b y -p ro d u cts  from n i t r a t i o n  o f  th e  azap h en an th rene. 3 
A lk a lin e  work-up o f  th e s e  n i t r a t io n  r e a c t io n s  a ffo r d e d  th e  d e s ir e d  
r in g -c o n tr a c te d  k e to n e s . T hus, 1 ,1 0 -p h e n a n th r o lin e  QO gave predom i­
n a t e ly  when t r e a te d  w ith  a  n i t r a t in g  m ix tu r e . 3 3^
NO,
c o s
Then in  197^ 5 Ekhard and Summers4 r e p o r te d  th e  p r e p a r a tio n  o f  ^ in  20% 
y i e l d  as a b y -p ro d u ct o f  th e  perm anganate o x id a t io n  o f  1 , 10 -p henan-
3t h r o l in e  (H ), w hereas th e  m ajor product was th e  d ic a r b o x y lic  a c id  (j5). 
P rep aration  o f  ^ was soon  r e p o r te d  from th e  perm anganate o x id a t io n  o f  
5 ,6 ~ b en zo q u in o lin e . 5 S in c e  th e  r e p o r t  o f  Eckard and Summers,1* th e  
r e a c t io n  c o n d it io n s  f o r  th e  p rep a ra tio n  o f  2 , and ^ have been  
o p tim ized , and th e s e  k e to n es  are p r e s e n t ly  o b ta in a b le  in  55 t o  80# 
y i e l d . 6 K etone 2 can b e  prepared  by a v e r y  co n v en ien t method: b a se -
induced b e n z y lic  a c id  rearrangem ent o f  1+ , 7-p h e n a n th r o lin e -5 , 6-q u in on e  
(Phanquone) . 2
K etones 1 ,  2 ,  and 3 co u ld  be con n ected  v i a  u n sa tu ra ted  b r id g e s  t o'Xj 'X, A. -----
a ffo r d  cumulene a c e t y le n e - d io l  8 , and o l e f i n  c).
7  8/ s ;
R in  each o f  th e s e  c a s e s  r e p r e s e n ts  th e  h e t e r o c y c l ic  m o ie ty , fo r  
example 10 and 1 1 .J OA/ <\n.
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Im petus fo r  th e  p r e p a r a tio n  o f  th e s e  compounds (JJ, 8 and and th e  
lo n g  range g o a l o f  t h i s  p a r t ic u la r  p r o je c t  w ere t o  d eterm ine th e  cam-
plexing abilities of the cumulenes, acetylene-diols, and olefins.
S in ce  th e s e  ccsnpounds p o s s e s s  n itr o g e n  h etero a to ra s, w hich are  cap ab le  
o f  subsequent com p lexation  and a s i t e  o f  u n sa tu r a t io n , two modes o f  
m eta l com p lexation  sh ou ld  be p o s s ib l e .  M eta l com p lexation  co u ld  in v o lv e  
th e  lo n e  p a ir  o f  e le c t r o n s  on n itr o g e n  an d /or  th e  p i  e le c tr o n s  o f  th e  
u n satu ra ted  b r id g e . The ty p e  o f  m eta l io n  com plex produced by th e  
lig a n d  was o f  i n t e r e s t .  For exam p le, how would com p lexation  a f f e c t  th e  
ch a ra cter  o f  th e  u n sa tu r a ted  b r id g e , and i f  two s i t e s  o f  com p lexation  
e x is t e d ,  co u ld  th e  h e t e r o c y c l ic  l ig a n d  accommodate two m e ta l atoms?
The f a c t  t h a t  compound ty p e s  such as 8 , and c> are  r ep o rted  o n ly  in ­
fr e q u e n tly  in  th e  l i t e r a t u r e  p ro v id ed  fu r th e r  im petus t o  d e v is e  
improved r o u te s  or  c o n d it io n s  f o r  t h e i r  s y n t h e s is .  There are  o n ly  a  
few  r e p o r ts  o f  a c e t y le n ic  compounds th a t  p o s s e s s  a  p y r id y l  su b u n it7 and  
p r io r  to  Uewkome, S au er , and E rb la n d ’ s 6 work in  197^ , th e r e  were no 
rep o r ts  o f  cum ulenes t h a t  co n ta in ed  th e  p y r id y l m o ie ty .
The m a jo r ity  o f  s y n t h e t ic  r o u te s  t o  prepare cum ulenes £  in v o lv e  
red u c tio n  o f  th e  co rresp on d in g  a c e t y l e n e - d io l s ,  which a re  a c c e s s ib le  
by r e a c t io n  o f  a m eta l a c e t y l id e  w ith  a k e to n e  or a ld eh yd e (Scheme I ) .
SCHEME I
5Edinger and Day9 prepared a c e t y le n e - d io l  12 and cumulene 1^ in  u n sp ec i­
f ie d  y i e l d .  They employed a c e ty le n e h i s (magnesium brom ide) , 19 prepared  
by th e  Z er e v it in o v  m ethod, 11 which g en era tes  th e  a c e ty le n ic  rea g en t  
by p assage o f  a c e ty le n e  through a s o lu t io n  o f  m eth y l- or ethylm agnesium  
bromide. Bergmann, Hoffman, and W inter10 a ls o  rep o rted  th e  u se  o f  
a c e ty le n e b i s (magnesium bromide) in  th e  p rep ara tion  o f  a c e t y le n e - d io l
SnSi
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A lte r n a te  o rg a n o m eta llic  r e a g e n ts , such as sodium a c e t y l id e ,  can 
be gen era ted  by th e  " d is so lv in g  m etal"  te c h n iq u e . 12 In  tetrah yd rofu ran  
(THF) sodium m eta l can donate an e le c tr o n  t o  an a c c e p to r , such as 
b ip h en y l or n a p h th a len e , thus producing th e  b r ig h t ly  c o lo re d  r a d ic a l  
union and sodium io n . Passage o f  a c e ty le n e  through such a s o lu t io n  
produces a c o lo r le s s  s lu r r y  o f  sodium a c e t y l id e .  Nahon and Day12 
tr e a te d  benzophenone w ith  sodium a c e t y l id e  gen era ted  by t h i s  method to  
ob ta in  1 , 1 , U, U -tetrap h en y lb u tyn e-1 , U -d io l .
Another a lt e r n a te  method t o  produce a c e t y le n e - d io ls  was th e  in  
s i t u  g en era tio n  o f  sodium a c e t y l id e . 19 1,2-D ibrom oethane in  hexam ethyl- 
phosphorus tr ia m id e  (.HMPT) was tr e a te d  w ith  sodium am ide. A d i- d e -  
hydrobrom ination occu rred  t o  produce a c e ty le n e , which was su b seq u en tly  
m e ta lla te d  by th e  sodium amide. T h is r o u te , how ever, was n o t a 
p a r t ic u la r ly  v ia b le  method fo r  th e  p rep a ra tio n  o f  h e te r o c y c l ic  
a c e t y le n e - d io ls  b ecau se  o f  th e  m arg in a l y i e ld s .
6F i n a l ly ,  th e  p ro d u ctio n  o f  a c e t y le n e - d io ls  was a ccom p lish ed  v i a
lith iu m  a c e t y l id e  e th y le n e d ia m in e  com plex , 14
L i C =  C H - H £ N ( C H 2 )2 N H 2
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M onolithium  a c e t y l id e  can he p repared  in  l iq u id  ammonia C -33°C ).
A ttem pts to  i s o l a t e  t h i s  m e ta l a c e t y l id e  r e s u lt e d  in  d isp ro p o r td o n a tio n  
t o  a f fo r d  d i l i th iu m  a c e t y l id e  and a c e t y le n e . 15 T h e re fo r e , th e  l iq u id  
ammonia im parts s t a b i l i t y  t o  m onolith ium  a c e t y l id e .  By c o n t r a s t ,  
eth y len ed ia m in e  s t a b i l i z e s  m on olith ium  a c e t y l id e  o v er  a broader range  
o f  tem p era tu re . L ith ium  a c e t y l id e  e th y le n e -d ia m in e  com plex, a near  
c o lo r l e s s  c r y s t a l l i n e  com plex, i s  s ta b le  to  l*5°C.14a An a p p ro p r ia te  
analogy  t o  t h i s  s t a b i l i z i n g  e f f e c t  o f  e th y len ed ia m in e  i s  th e  a b i l i t y  
o f  te tr a m e th y le th y len ed ia m in e  (.TMEDA) to  s t a b i l i z e  p o ly l i t h ia t e d  
compounds, 15
At f i r s t  g la n c e  rea g en t lH m ight be e x p ected  t o  a f fo r d  o n ly  te r m i­
n a l a c e t y le n e s .  However, Beumel and H a r r is146 n o ted  th a t  in  s o lv e n t s  o f  
low  d i e l e c t r i c  c o n sta n t th e  m ajor product o f  r e a c t io n  o f  a c e t y l id e  ^  
w ith  an a r y l  k e to n e  was in t e r n a l  a c e ty le n e  l 6 .
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These r e s u l t s  were r a t io n a l iz e d  as  e th y n y la t io n  o f  a carb on y l u n i t  t o  
a ffo r d  t h e  i n i t i a l  te r m in a l a c e ty le n e  which was su b seq u en tly  
l i t h i a t e d  by a c e t y l id e  lU , The an ion  o f  ^5 r e a c te d  w ith  a  second  
carb onyl u n it  t o  g iv e  a c e ty le n e  ^6 . In  b e t t e r  s o lv a t in g  s o lv e n t s ,  
e th y n y la t io n  o f  a s in g le  ca rb o n y l u n it  o ccu rs  t o  a f fo r d  th e  te r m in a l  
a c e ty le n e  Thus th e  c h o ic e  o f  s o lv e n t  g r e a t ly  in f lu e n c e s  th e
co u rse  o f  th e  r e a c t io n .
T h ese  o r g a n o m e ta llic  r e a g e n t s ,  a c e t y le n e b i s (magnesium brom id e), 
sodium a c e t y l i d e ,  and lith iu m  a c e t y l id e  e th y len ed ia m in e  com plex were 
in v e s t ig a t e d  i n  th e  p r e p a r a tio n  o f  th e  d e s ir e d  h e t e r o c y c l ic  a c e ty le n e -  
d i o l s ,  w hich are  co n v en ien t p r e cu rso r s  t o  cum ulenes J .  Cumulenes are  
g e n e r a l ly  prepared  by r e d u c tio n  o f  a c e t y le n e - d io ls  w ith  stann ous  
ch lo r id e -h y d r o g en  c h lo r id e . 1 2 ,1 7  Other a l t e r n a te  r e a g e n ts  more o fte n  
en cou n tered  a re  s u l f u r ic  a c id -p o ta ss iu m  io d id e ,®*18 h y d ro c h lo r ic  a c id -  
io d in e  in  a c e t i c  a c id , 19 and phosphorus tr ib r o m id e -p y r id in e . 28 The 
rea g e n t u t i l i z e d  in  t h i s  work was d iphosphorus t e t r a io d id e . 21 T his  
r ea g en t was em ployed b eca u se  p r e v io u s  w orkers7 *8 had s u c c e s s f u l ly  p re­
pared cum ulenes c o n ta in in g  a  p y r id y l m o ie ty , fo r  exam ple b o th  th e  E 
and Z_ isom ers o f  ^8 v i a  a p p lic a t io n  o f  d iphosphorus t e t r a io d id e .
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Newkome, S a u er , and E rb land8 r e p o r te d  th e  u se  o f  d iphosphorus t e t r a ­
io d id e  in  th e  c o n v e rs io n  o f  b u ty n e -d io l  t o  cumulene ^8 . D iphos­
phorus t e t r a io d id e  was th e  rea g e n t o f  c h o ic e  b ecau se  l ,U -b u ty n e -d io l  
^  u n d ergoes an a c id -c a ta ly z e d  rearrangem ent to  q u in o liz in o n e  
U t i l i z a t i o n  o f  d iphosphorus t e t r a io d id e  avoided  th e  u s e  o f  a c id ic  
c o n d it io n s .
8B u ty n e -d io l was s u b je c t  t o  t h i s  rearrangem ent erven under such m ild ly  
a c id ic  c o n d it io n s  a s  r e f lu x in g  e th a n o l . 8 The a c e t y le n e - d io l s  ( e .g .  ^L) 
c o n ta in in g  a za flu o ren o n e  su b u n its  sh ou ld  be s t r u c t u r a l ly  p r e v en te d  from 
undergoing t h i s  ty p e  o f  a c id -c a ta ly z e d  rearrangem ent.
A c e ty le n e -d io l  8 and cumulene £  have two carb on ‘atoms i n  t h e ir  
u n sa tu ra ted  b r id g e  th a t  co n n ec ts  th e  h e t e r o c y c l ic  s u b u n it s . By con­
t r a s t  in  o l e f i n  th e  h e te r o c y c l ic  m o ie t ie s  a re  d i r e c t ly  co n n e c te d .
In order t o  p rep are  compounds o f  t h i s  t y p e ,  th e  carb on y l carb ons o f  
two a za flu o ren o n e  m o le c u le s  would have t o  be jo in e d  and d eox y g en a ted . 
Thus, a r e d u c t iv e  c o u p lin g  o f  th e s e  ca rb o n y l u n it s  would have t o  occu r. 
McMurry22 and Mukaiyama23 have r ep o r ted  th e  u se  o f  a  low  v a le n t  tita n iu m  
rea g en t th a t  a cco m p lish es  r e d u c t iv e  c o u p lin g  o f  ca rb o n y ls  on a  v a r ie t y  
o f  s u b s tr a te s  in  one s t e p .
McMurry has em ployed low  v a le n t  t ita n iu m  g en era ted  from  p r im a r ily  
tita n iu m  t r i c h l o r i d e  and lith iu m  alum inium h yd rid e  (T iC l3-LAH) ,
"McMurry's r e a g e n t" . 22 Another so u rce  o f  low  v a le n t  t i ta n iu m , produced  
by th e  r e d u c t io n  o f  t ita n iu m  t e t r a c h lo r id e  by z in c ,  i s  som etim es 
r e fe r r e d  t o  a s "Mukaiyama's r e a g e n t" .2 3 ’21* The t ita n iu m  r e a g e n t  has 
a ls o  been  prepared  by a lk a l i  m eta l r e d u c t io n  o f  t ita n iu m  t r i c h lo r id e  
or t ita n iu m  t e t r a c h lo r id e , 25127 T h e re fo r e , th e r e  are  numerous a v a i l ­
a b le  means o f  r ed u c in g  tita n iu m  ( i l l )  or  (IV) t o  th e  a c t iv e  r ea g e n t  
t ita n iu m (o )  , 28
The low  v a le n t  t ita n iu m  rea g en t i s  v e r y  v e r s a t i l e  and produ ces  
r e d u c t iv e ly  co u p led  p rod u cts  in  a  rem arkable number o f  s u b s t r a t e s .
A ryl k e to n es  and a ld eh y d es have been  r e d u c t iv e ly  cou p led  in  good y i e ld .  
For exam ple, 9 -f lu o r e n o n e  was cou p led  t o  g iv e  b i s ( f lu o r e n y l id e n e )
9Cj^ L) . 22 Benzophenone when t r e a t e d  w ith  lo w  v a le n t  t ita n iu m  a ffo r d e d  
te tra p h en y len e  (.2 5^)22 and henzaldehyd e was r e d u c t iv e ly  co u p led  t o  g iv e  
t r a n s - s t i lb e n e  C2 ^ ) . 22
21
23
2 4 25
C y clic  as w e l l  a s  l in e a r  a lk y l  ca rb o n y ls  have a ls o  been  r e d u c t iv e ly  
coupled  to  y i e l d  th e  corresp on d in g  o l e f i n s .  C yclohexanone a ffo r d e d  2£  
and v a lera ld eh y d e  gave a m ix tu re  o f  th e  E and Z_ isom ers o f  decene  
when tr e a te d  w ith  th e  t ita n iu m  r e a g e n t . 27
o=°
26*# 27
0
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Even h ig h ly  h in d ered  ca rb o n y l compounds a r e  cou p led  in  th e  p resen ce  o f  
low  v a le n t  t ita n iu m . T e tra iso p r o p y le th en e  was produced when iso p r o p y l  
k eton e was t r e a te d  w ith  T iC l3~LAE. 28 Other h in d ered  m o le c u le s  syn­
t h e s iz e d  by t h i s  method w ere adam antylideneadam antane, 22 U,U!-homo-
10
adam antylidenehcm oadam anatane, 29 and 2 -b o rn y lid en eb o rn a n e . 30 Low 
v a le n t  t ita n iu m  has a l s o  been  u t i l i z e d  t o  p repare b o th  la r g e  and sm a ll  
r in g s  by in tra m o lecu la r  r e d u c t iv e  c o u p lin g . 1 , 2-D ip h en y lcy c lo b u ten e  
C^l) was prepared by trea tm en t o f  ^  w ith  McMurry’s r e a g e n t . 31 Macro­
c y c le  ^  was o b ta in ed  by t r e a t in g  d ik e to n e  w ith  t ita n iu m  t r ic h lo r id e -  
z in c /c o p p e r . 32
0  0  Ph
0  u
CH3C (CHa)20C CH3
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These exam ples dem onstrate th e  range o f  c y c l i c  compounds prepared by  
t h i s  m ethod. As a f i n a l  exam ple t o  p o in t  ou t th e  v e r s a t i l i t y  o f  low  
v a le n t  t ita n iu m , s e n s i t i v e  s u b s tr a te s  have been  r e d u c t iv e ly  co u p led . 
(3-Carotene was prepared from r e t i n a l 22 and Corey33 p repared  a s e r ie s  
o f  compounds r e la t e d  t o  g ib b e r e l l i c  a c id  by u s in g  lo w  v a le n t  t ita n iu m .
I f  th e  ap p rop ria te  carb on y l s u b s tr a te s  are  c h o se n , m ixed r e d u c t iv e  
co u p lin g  can occu r. McMurry3tf r e d u c t iv e ly  cou p led  9 -f lu o r e n o n e  and 
acetophenone t o  g iv e  .
3 4
T his m ixed co u p lin g  was produced b eca u se  9 -f lu o r e n o n e  i s  a  b e t t e r
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e le c tr o n  a c ce p to r  th an  a ce to p h en o n e .35 T h e r e fo r e , lo w  v a le n t  t ita n iu m  
t r a n s f e r s  two e le c t r o n s  t o  9 -f lu o r e n o n e  t o  produce an an io n  a t th e  9 -  
p o s i t io n ,  w hich condenses in  an a ld o l  fa s h io n  w ith  a c e to p h en o n e .31*
Upon exam ining th e  d i f f e r in g  a b i l i t i e s  o f  9 -f lu o r e n o n e  and U ,5 -d i-  
a za flu o ren o n e  t o  a ccep t e le c t r o n s ,  one o b serv es  th a t  U, 5 -d ia za flu o r en o n e  
i s  a fa r  b e t t e r  e le c tr o n  a c c e p to r . Evans36 c a lc u la te d  th e  eq u ilib r iu m  
co n sta n t (K) f o r  th e  d is p r o p o r t io n a t io n  r e a c t io n  o f  a s e r i e s  o f  f l u o -  
renone r a d ic a ls  (Eq. l ) .
. . K _
M RI~ + M RI” t  2M + D l" + NC Eq. 1
Eq. 1 ,  where HI r e p r e se n ts  a r a d ic a l  a n io n , DI r e p r e s e n ts  a d ia n io n , and 
NC i s  a n e u tr a l compound, d e s c r ib e s  th e  d is p r o p o r t io n a t io n  eq u ilib r iu m  
between a r a d ic a l  an ion  and co rresp on d in g  d ia n io n . I f  M , th e  m e ta l,  
i s  l i t h iu m , th e n  K f o r  9 -f lu o r e n o n e  i s  0 . 0 2 5 , b u t f o r  U, 5 -d ia z a f lu o -  
renone It i s  3 8 l ; 36 i . e .  U, 5 -d ia z a f lu o r e n o n e  h a s  a  much g r e a te r  a b i l i t y  
to  a c ce p t e le c tr o n s  than  9 - f lu o r e n o n e . In  a r e a c t io n  where s u b s tr a te s  
compete f o r  e le c t r o n s ,  th e  d ia n io n ic  form o f  U, 5 -d ia z a f lu o r e n o n e  and 
th e  n e u tr a l form o f  9 -f lu o r en o n e  p redom in ate. T h e r e fo r e , one would  
p r e d ic t  th a t  th e s e  k e to n es  would y i e l d  an unsym m etrica l o l e f i n  when 
tr e a te d  w ith  T iC l3-LAH.
The above exam ples sh ou ld  c l e a r ly  dem on state th e  v a r ie t y  o f  
carb on yl s u b s tr a te s  r e d u c t iv e ly  co u p led  by t h i s  r e a g e n t . However, 
u n t i l  t h i s  r e se a r c h  th e r e  w ere no r e p o r te d  u s e s  o f  low  v a le n t  t ita n iu m  
t o  r e d u c t iv e ly  co u p le  any h e t e r o c y c l ic  ca rb o n y l compound.
O rgan om eta llic  r ea g e n ts  w ere u t i l i z e d  t o  tra n sfo rm  h e te r o c y c l ic  
k eto n es in t o  th e  d e s ir e d  cum u len es, a c e t y l e n e - d i o l s , and o l e f i n s .
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H e te r o c y c lic  k e to n es  t r e a t e d  w ith  m e ta l a c e t y l id e s  a ffo rd ed  h e te r o ­
c y c l i c  a c e t y l e n e - d io l s , w hich  a re  p r e cu rso r s  o f  th e  corresp on d in g  
cum u len es. The reduced  m e ta l r e a g e n t ,  low  v a le n t  t ita n iu m , conve­
n ie n t ly  co u p le s  a p p ro p r ia te  h e t e r o c y c l ic  k e to n es  t o  g iv e  th e  d e s ir e d  
o l e f i n .
II, Metallation of Heterocyclic Compounds.
The p rep a ra tio n  o f  cu m u len es, a c e t y l e n e - d io l s , and o l e f i n s
employed o r g a n o m eta llic  r e a g e n ts  or  a m e ta l r ea g en t t o  form new 
carbon-cart)on "bonds In h e t e r o c y c l ic  s u b s t r a t e s .  W hile th e  form ation  
o f  new carbon-carbon bonds i s  an im p ortan t tr a n sfo r m a tio n  produced by 
th e s e  r e a g e n t s ,  o r g a n o m e ta llic  r e a g e n ts  can a ls o  be u sed  t o  produce a  
m e ta lla te d  h e te r o c y c l ic  in te r m e d ia te  w hich i s  s y n t h e t i c a l l y  u s e f u l .  
M e ta lla t io n  o f  h e te r o c y c le s  was e x p lo r ed  u s in g  2 -p h e n y lp y r id in e  and
2 ,6 -d ih a lo p y r id in e .  The n itr o g e n  atom p la y ed  an im p ortant d ir e c t iv e  
r o le  in  th e  m e ta l la t io n  o f  2 -p h e n y lp y r id in e . T his h eteroatom  was 
u t i l i z e d  t o  d ir e c t  th e  m e t a l la t in g  rea g en t t o  th e  o r th o -p o s i t io n  o f  an
arom atic n u c le u s . M e ta lla t io n  o f  d ih a lo p y r id in e s  p ro v id ed  a  method o f
in tro d u c in g  s u b s t itu e n ts  o n to  a  p y r id y l  r in g .  T hese m e ta l la te d  com­
pounds a re  a ls o  u s e f u l  s y n t h e t ic  in te r m e d ia te s .
D ir e c te d  m e t a l la t io n ,  c y c lo m e t a l la t io n ,  or o r th o -m e ta l la t io n  
r e f e r s  t o  a c la s s  o f  r e a c t io n s  where a  heteroatom  g u id e s  a m e ta l, q u ite  
o f t e n  a  t r a n s i t io n  m e ta l ,  t o  a  s p e c i f i c  s i t e  on  a  l ig a n d  where a carb on-
m eta l bond form s. P a r s h a l l ,37 B r u c e ,38 Qmae,39 and Dehand and
P f e f f e r 40 have rev iew ed  t h e s e  c y c lo m e t a l la t io n  r e a c t io n s .  Use o f  th e  
term c y c lo m e t a l la t io n , f i r s t  in tro d u c ed  by T rofim en ko,1*1 a r i s e s  becau se  
th e  m e ta l ,  h eteroatom , and th e  s i t e  t o  be m e ta l la t e d  form a  g e n e r a lly  
five-m em bered c h e la te  r in g .  T h is  c y c l i c  arrangem ent o f  atoms i s  
i l l u s t r a t e d  where M i s  th e  m e ta l ,  D r e p r e s e n ts  th e  h eteroatom  or  
donor atom , and C i s  th e  m e ta lla te d  carb on .
35
13
O rtho-m e ta l la t io n  i s  a  more s p e c i f i c  term  and r e f e r s  t o  th e  g u id in g  o f  
a m eta l t o  th e  o r th o -p o s i t io n  o f  an arom atic n u c le u s . These term s are  
o f t e n  a p p lie d  t o  t r a n s i t i o n  m e ta ls ,  hut a l k a l i  m e ta ls  a ls o  undergo t h i s  
ty p e  o f  r e a c t io n .  One o f  th e  e a r ly  exam ples o f  d ir e c te d  m e ta l la t io n  
was r ep o r ted  by Kleinian and D uheck.^2 D ic y c lo p e n ta d ie n y l n ic k e l  was 
t r e a t e d  w ith  azobenzene t o  a f fo r d  com plex 3 6 ,
The m ost commonly en cou n tered  h eteroatom  th a t  p a r t ic ip a t e s  in  t h i s  
ty p e  o f  r e a c t io n  i s  n it r o g e n . Cope and F r ie d r ic h 1*3 o u t l in e d  th e  c o n d i­
t io n s  n e c e ssa r y  fo r  n itr o g e n  t o  c y c lo m e t a l la te .  T hese c o n d it io n s ,  
m o d ifie d  s l i g h t l y  by Dehand and P f e f f e r , 1*0 r e q u ir e  th e  c h e la te  r in g  t o  
c o n ta in  f i v e  atom s, th e  n itr o g e n  to  be s t e r i c a l l y  h in d ered , and i f  th e  
m eta l i s  p a llad iu m  or p la tin u m , t h e  r e a c t io n  t o  p ro ceed  by e l e c t r o -  
p h i l i c  a t t a c k . Complexes > ^8411, and a re  exam ples o f
compounds form ed 'by d ir e c t e d  m e ta l la t io n  in v o lv in g  n itr o g e n .
38
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Ph osp h in es are a ls o  ca p a b le  o f  producing c y c lo m e ta lla t io n . U n lik e  
n itr o g e n  where th e  c h e la te  r in g  m ust c o n ta in  f i v e  atom s, phosphorus i s
15
capable o f  form ing fo u r  membered r i n g s .1*® Fhosphine com plexes 
and dem onstrate th e  a b i l i t y  o f  phosphorus t o  form b oth  fou r  and
f iv e  membered c h e la te  r in g s ,  r e s p e c t iv e ly .
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Other donor atoms capable o f  producing d ir e c te d  m e ta lla t io n  are  
a r se n ic , s u l f u r ,  and o x y g en .30 ’ 40
The above exam ples o f  c y c lo m e ta lla t io n  in v o lv e  a t r a n s i t io n  m e ta l. 
There a r e , how ever, examples o f  a lk a l i  m e ta ls  undergoing s im ila r  ty p es  
o f  r e a c t io n . A d if fe r e n c e  between c y c lo m e ta lla t io n  in v o lv in g  an a lk a l i  
m etal and t r a n s i t io n  m eta l i s  th e  r e a c t iv i t y  o f  th e  carbon-m etal bond. 
The a lk a l i  m eta l-carb on  bond i s  very  r e a c t iv e  and t h i s  complex cannot 
‘g e n e r a lly  be i s o la t e d  but must be trapped  by an e le c t r o p h i le  in  order  
to  prove th e  e x is t e n c e  o f  a m e ta lla te d  in te r m e d ia te . For exam ple, 2 -  
fe r ro c en y lp y r id in e  was tr e a te d  w ith  n - b u ty ll ith iu m , th en  th e  in t e r ­
m ediate k2  was trap p ed  w ith  benzaldehyde t o  a f f o r d , a f t e r  h y d r o ly s is ,  
2-1h yd ro x y C d ip h en y l)m eth y lferro cen y l]p y r id in e , and 2 -b u ty l-6 -[h y d r o x y -  
td ip h e n y l)m e th y lfe r r o c e n y ljp y r id in e , th e  product o f  m e ta lla t io n  and 
a -a d d it io n  o f  n -b u ty ll ith iu m  t o  p y r id in e , r e s p e c t iv e ly . 110
Fe
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D irec ted  m e ta lla t io n  on an a r y l r in g  u s in g  a lk a l i  m eta ls  i s  a
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r e g i o s e l e c t i v e  method t o  in tr o d u c e  s u b s t i t u e n t s  on to  an arom atic  
r in g . M eyers1*9 rep o rted  th e  o r th o - l i t h i a t i o n  o f  a r y l  o x a z o l in e s ,  in  
which trea tm en t o f  o x a z o lin e  w ith  n -b u ty ll ith iu m  and subsequent 
tr a p p in g  w ith  deuterium  o x id e  a ffo r d e d  C oord in ation  o f  th e
e le c tr o n  p a ir  o f  n itr o g e n  w ith  n -b u ty ll ith iu m  p r io r  t o  m e ta l la t io n  
d ir e c t e d  th e  l i t h i a t i n g  a g e n t .t o  th e  o r th o -p o s i t io n  o f  th e  phenyl 
r in g . The d ir e c te d  l i t h i a t i o n  o f  a p y r id in e  an a log  has a ls o  been  
r e p o r t e d ,59 When p y r id y l o x a z o l in e  was t r e a te d  w ith  m e th y l-  
l i th iu m  a t  -7 8 °C , l i t h i a t i o n  o f  th e  3 - p o s i t io n  occu rred  t o  g iv e  
Other a l t e r n a t e  l i t h i a t i n g  a g e n t s ,  such  as n -b u t y l l i th iu m , s e c - b u t y l -  
l i t h iu m , t e r t - b u ty l l i t h iu m , and l ith iu m  d iis o p r o p y l am ide, a ffo rd ed  
p ro d u cts  a r is in g  from a 3 - l i t h io p y r id in e  d e r iv a t iv e  and a -a d d it io n  
to  th e  p y r id in e  r in g . M eth y llith iu m , how ever, d id  n o t e x h ib i t  th e  
c o m p e tit io n  betw een a -a d d it io n  and m e ta l la t io n  and a ffo rd ed  a lm ost a 
q u a n t i t a t iv e  y i e l d  o f  3 - l i t h io p y r id in e .  The l i t h i a t e d  in ter m e d ia te  
Wb was trap p ed  w ith  deuterium  o x id e  t o  a f fo r d  U^b. 59
43 4 4 4 5
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Slocum and J en n in g s51 in v e s t ig a t e d  th e  o r th o -l i t h i a t i o n  o f  a s e r ie s  o f  
p a r a -s u b s t i t u t e d  a n i s o le s .  They compared th e  d ir e c t in g  a b i l i t y  o f  
v a r io u s  groups t o  th e  d ir e c t in g  a b i l i t y  o f  th e  oxygen o f  a n is o le  and 
th en  ranked them as e i t h e r  more o r  l e s s  e f f e c t i v e  d ir e c t o r s  than  
a n i s o l e .
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The above exam ples o f  c y c lo m e ta lla te d  compounds dem on strate  th a t  
m e ta lla t io n  o f  a s p e c i f i c  s i t e  on a l ig a n d  can be accom p lished  by 
u t i l i z i n g  a  h eteroatom  f u n c t io n a l i t y .  The exam ples o f  c y c lo l i t h ia t e d  
compounds show th a t  th e s e  m e ta lla te d  in te r m e d ia te s  are  a ls o  s y n th e t ­
i c a l l y  u s e f u l .  By w is e ly  c h o o s in g  th e  a p p ro p r ia te  tra p p in g  a g e n t ,  
s u b s t itu e n ts  can be in tro d u ced  t o  a  s p e c i f i c  s i t e  on a l ig a n d .
C y c lo m eta lla ted  compounds are  an i n t e r e s t in g  c la s s  o f  h e te r o ­
c y c l i c  o r g a n o m e ta llic  compounds, w hich ex ten d  th e  s y n th e t ic  u t i l i t y  
o f  h e t e r o c y c l ic  s u b s tr a te s .  The s y n t h e t ic  u s e fu ln e s s  o f  h e te r o c y c l ic  
s u b s t r a t e s ,  such  as  p y r id in e ,  co u ld  be expanded by th e  g e n e r a t io n  o f  
a  d im e ta lla te d  in te r m e d ia te , e . g .  d i l i t h i a t e d  p y r id in e . T h is  in t e r ­
m ed iate  would in c r e a s e  th e  s y n th e t ic  u s e f u ln e s s  o f  th e  p y r id in e  
n u cleu s  by a llo w in g  th e  s u b s t i t u e n t s  t o  b e  in tro d u ced  a t two r in g  
p o s i t io n s .  B efore  t h i s  work, a ttem p ts  t o  d im e t a l la te  p y r id in e  
r e s u lt e d  in  th e  i s o l a t i o n  o f  p rod u cts  a r i s in g  from e ith e r  a mono- 
m e ta lla te d  in te r m e d ia te , a s  was th e  c a se  w ith  d ib ra m o p y rid in es , or  
in  th e  r ec o v e ry  o f  unchanged s t a r t in g  m a t e r ia l ,  as w ith  d ic h lo r o -  
p y r id in e .
When Gilman and S p a tz 52 a ttem p ted  t o  g e n e r a te  a p y r id in e  d ia n io n  
from iso m e r ic  d ib ro m o p y r id in es , th e y  i s o l a t e d  o n ly  p rodu cts due t o  a  
s in g le  m eta l-h a lo g en  exch an ge. 2 ,6 -D ib rom o- or 3 , 5-d.ibromopyr id in e  
was t r e a te d  w ith  e x c e s s  n -b u ty ll ith iu m  in  d ie t h y l  e th e r  a t  tem p eratu res  
ran g in g  from -30°C t o  -10°C  and v a r y in g  le n g th s  o f  r e a c t io n  t im e . In  
each c a s e ,  a f t e r  c a r b o x y la t io n  t o  tr a p  any in te r m e d ia te s , o n ly  mono- 
ca rb o x y la ted  p rod u cts (]+£) were i s o l a t e d . 52
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Holm, 55 c i t in g  Gilman’ s  study th a t  d ibrom opyridlnes undergo o n ly  mono- 
l i t h i a t i o n  in  d ie th y l  e th e r ,  gen era ted  6 -lith io ~ 2 -b r o m o p y r id in e  (U6) 
from 2 , 6-d ibrom opyrid ine upon trea tm en t w ith  n -h u ty l l i th iu m . U t i l i ­
z a tio n  o f  ^6 t o  prepare numerous b ro m o -su b stitu ted  p y r id in e  d e r iv a t iv e s  
confirm ed th e  l i t h i a t e d  in term ed ia te  h6. Other w orkers7 ’ 54 have a ls o*VU
confirm ed G ilm an's o b serv a tio n  th a t  in  d ie th y l  e th er  dibrom opyridine  
undergoes m o n o lith ia t io n .
In  th e  c a se  o f  2 ,6 -d ic h lo r o p y r id in e  no produ cts a r is in g  from a 
m e ta lla te d  in term ed ia te  cou ld  be i s o la t e d .  When 2 , 6 -d ic h lo r o p y r id in e  
was tr e a te d  w ith  n -b u ty ll ith iu m , o n ly  unchanged s t a r t in g  m a te r ia l was 
r e c o v e r e d .55 However, when 2 -b rom o-6 -ch lorop yrid in e  was u se d , l i t h i ­
a t io n  proceeded a n a lo g o u sly  t o  d ibrom opyrid in e, i . e .  o n ly  m o n o lith ia tio n  
o c cu rr e d .5513 T h ere fo re , th e s e  r e s u l t s  in d ic a te  d ibrom opyridine in  
d ie th y l  e th er  undergoes m e ta lla t io n  o n ly  once to  y i e l d  a m onom etallated  
in term ed ia te  and d ic h lo r o p y r id in e  i s  r e s i s t a n t  t o  m e ta l la t io n  even  
under d r a s t ic  c o n d it io n s .
W hile d ibrom opyridine in  d ie th y l  e th er  cannot be d i l i t h i a t e d ,  th e  
bismagnesium compound, p y r id in e b is (magnesium b rom id e), can be prepared. 
P roost and Wibaut56 rep o rted  th e  p rep a ra tio n  o f  p y r id in eb is  (magnesium 
bromide) from 2 , 6-d ibrom opyridine by em ploying G rignard’ s entrainm ent 
procedure. The b i s (organomagnesium) in term ed ia te  was trapp ed  w ith  
e ith e r  benzaldehyde or a l l y l  brom ide. In  l i g h t  o f  th e  f a c t  th a t  
arom atic dibrom ides r e a c t  s lu g g is h ly  t o  y ie ld  b i s  (.organomagnesium)
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compounds, th e  form ation  o f  2 , 6 -p y r id in e  bisCm agnesium  brom ide) by  
em ploying entrainm ent p roced u res was u n e x p e c te d .56a
H e te r o c y c lic  a n a lo g s  and d e r iv a t iv e s  o f  p y r id in e  have been shown 
to  undergo d im e t a l la t io n . A bram ovitch57 r e p o r te d  th a t  p y r id in e  N -o x id e , 
when t r e a t e d  w ith  e x c e s s  n - b u t y l l i th iu m , g a v e  2 ,6 - d i l i t h io p y r id in e  N- 
o x id e , w hich was su b seq u en tly  trap p ed  w ith  a s e r i e s  o f  a ld eh yd es and 
k e to n e s . Five-m em bered, e le c t r o n - r ic h  h e t e r o c y c le s  a ls o  have been  
d i l i t h i a t e d  w ith  e x c e s s  n -b u ty ll ith iu m  and t h e  b i s - o r g a n o m e ta llic  in t e r ­
m ediate  c a rb o x y la ted  t o  y i e l d  th e  co rresp o n d in g  2 , 5 -d ica r b o n y l compound. 
F u ran ,58959 th io p h e n e ,58 and N -m eth y lp y rro le50 ,B0 undergo d im e ta l la t io n  
t o  a f fo r d  th e  2 , 5 - d i l i t h io - in t e n n e d ia t e . 2 ,5 -D iio d o th io p h e n e  undergoes  
m e ta l-h a lo g e n  exchange w ith  n -b u ty ll ith iu m  t o  a f f o r d ,  a f t e r  c a r b o x y la tio n  
and e s t e r i f i c a t i o n ,  d im eth y l 2 ,5 - th io p h e n e d ic a r b o x y la te , th e  product 
a r is in g  from a d im e ta lla te d  in te r m e d ia te ,61
S in ce  2 , 6 -d ic h lo r o p y r  id in e  was r e s i s t a n t  t o  m e ta l la t io n  and 2 ,6 -  
dibrom opyridine a ffo rd ed  o n ly  a  product stem m ing from m o n o m eta lla tio n , 
th e  m ost l i k e l y  s u b s tr a te  fo r  a ttem p ted  d i l i t h i a t i o n  appeared t o  be
2 ,6 -d i io d o p y r id in e .  2 ,6 -D iio d o p y r id in e  was p rep a red  in  1936 by  
Rodenwald and P la zek 62 t o  a id  in  th e  s tr u c tu r e  d e term in a tio n  o f  a 
p y r id in e  d e r iv a t iv e .  A l i t e r a t u r e  sea rch  o f  t h i s  compound p ro v id ed  no 
r e p o r ts  o f  i t s  p r e p a r a tio n  s in c e  th e  o r ig in a l  work o f  Rodenwald and 
•P lazek . The 2 , 6 -d ih a lo p y r id in e  s e r ie s  from  f lu o r i n e  t o  io d in e  i s  now 
r e a d i ly  a c c e s s ib le  by h a lo g en -h a lo g en  exch an ge . 2 ,6 -D if lu o r o p y r id in e  
can be prepared by trea tm en t o f  th e  co rresp o n d in g  d ichloro-com pound  
w ith  p otassiu m  f lu o r id e  in  r e f lu x in g  N ,N -d im eth y lform am id e.63
The d is c u s s io n  con cern in g  c y c lo m e t a l la t io n  and m e ta l la t io n  o f
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h a lo p y r id in es  c le a r ly  dem onstrates th a t  o r g a n o m eta llic  h e te r o c y c le s ,  
i . e .  org a n o m eta llic  p y r id in e s , can he s y n t h e t ic a l ly  u s e f u l .  R eg io -  
s p e c i f ic  m e ta lla t io n  o f  h e te r o c y c le s  i s  a means o f  in trod u cin g  a sub­
s t i t u e n t  onto a s p e c i f i c  c a r to n . D im e ta lla t io n  o f  h a lo p y r id in es  
en ab les two s u b s t itu e n ts  t o  be in trod u ced  onto th e  h e te r o c y c lic  r in g .  
T h erefore , treatm ent o f  h e te r o c y c le s  w ith  m e ta l la t in g  rea g en ts  produces 
org a n o m eta llic  compounds th a t  can be s y n t h e t i c a l ly  e x p lo ite d ,
Ill. Synthesis of Acetylenes and Related Compounds.
A t r a n s i t io n  m eta l com plex has b een  u sed  t o  s y n th e s iz e  h e te r o ­
c y c l i c  a c e t y le n e s .  S o n g a sh ira , Tohda, and H agih ara61* r ep o r ted  th e  
p rep a ra tio n  o f  numerous a c e t y le n ic  compounds by em ploying c a t a l y t i c  
amounts o f  a  p a llad iu m  com plex and c o p p e r (j)  io d id e .  In  o rd er  t o  b e t t e r  
a p p r e c ia te  t h i s  c a t a l y t i c  method o f  s y n th e s iz in g  a c e t y le n e s ,  o th er  
methods o f  p rep arin g  a c e t y le n e s  w i l l  be b r i e f l y  r ev iew ed .
There a re  two main r e a c t io n s  employed in  th e  p r e p a r a tio n  o f  m ost 
a c e t y le n ic  compounds: e lm in a tio n  and s u b s t i t u t io n  r e a c t io n s ,  K obrich
and Buck65 and Ziegeriben66 have rev iew ed  th e s e  r e a c t io n s  in  d e t a i l  in  
an e x c e l l e n t ,  com prehensive su rvey  o f  a c e ty le n e s  e d ite d  by V ie h e ,6 5 ,6 6  
In  e lim in a t io n  r e a c t io n s  th e  f u n c t io n a l i t y  i s  u t i l i z e d  t o  g e n e ra te  a 
t r i p l e  bond, w h ile  in  s u b s t i t u t io n  r e a c t io n s  an a c e t y le n ic  rea g en t i s  
g en era ted  by d ep ro to n a tio n  o f  th e  t r i p l e  bond, w hich  e n a b le s  th e  
r e s u lt a n t  carb an ion  t o  add t o  an a p p r o p r ia te ly  s u b s t i t u t e d  s u b s tr a te  in  
a n u c le o p h il ic  manner.
P rep a ra tio n  o f a c e t y le n ic  compounds by e l im in a t io n  r e a c t io n s  
encom passes many d i f f e r e n t  ty p e s  o f  r e a c t io n s  su ch  as  fra g m en ta tio n  and  
th e r m o ly t ic  r e a c t io n s ;  b u t by f a r ,  t h e  m ost u t i l i z e d  ty p e  o f  e l im in a t io n  
r e a c t io n  t o  produce a c e t y le n e s  I s  d eh y d ro h a lo g en a tio n .65 A r e a c t io n
sequence in v o lv in g  d eh yd ro h a lo g en a tio n  i s  i l l u s t r a t e d  in  Scheme I I .
SCHEME II
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An ethene can be e a s i l y  h a lo g e n a ted , u s u a l ly  w ith  brom in e, t o  a ffo r d  
a 1 ,2 -d ih a lo -com p ou n d  W ith th e  a d d it io n  o f  a b a s e ,  th e  d ih a l id e
e lim in a te s  two e q u iv a le n ts  o f  EX t o  a f f o r d  th e  d e s ir e d  a c e ty le n e  ^ 0 . 
V inyl h a l id e s  undergo an an logou s r e a c t io n  w ith  e lim in a t io n  o f  one 
eq u iv a len t o f  EX t o  y i e l d  th e  d e s ir e d  a c e t y le n e .  The r e a c t io n  sequence  
d ep ic ted  in  Scheme I I  i s  th e  more c l a s s i c  approach which has been  
s u c c e s s f u l ly  u t i l i z e d  in  th e  p rep a ra tio n  o f  numerous a c e ty le n e s  and i s  
w id e ly  u se d .
There are  many b a ses  a v a i la b le  t o  e lim in a te  h y d ro h a lid e  from th e s e  
v ic in a l  d ih a l id e s .  Oxygen b a se s  ( a lc o h o l ic  potassium  h y d r o x id e ) ,  
o rg a n o m eta llic  r e a g e n ts  (n -b u ty llith iu m  and G rignard r e a g e n t s ) ,  and 
m etal am ides (sodium  amide in  l iq u id  ammonia) have been u sed  t o  prepare  
a c e ty le n e s  by  e l im in a t io n  r e a c t io n s .65 The s e le c t io n  o f  th e  b a se  i s  
o fte n  im portant in  e lim in a t io n  r e a c t io n s . The f a c t  th a t  oxygen b a se s  
u su a lly  a llo w  o n ly  tr a n s  e lim in a t io n  t o  p roceed  sm ooth ly , w h ile  m eta l 
am ides, such  as sodium  amide in  l iq u id  ammonia, o f t e n  produce b o th  
c i s  and tr a n s  e l im in a t io n s  under m ild  c o n d it io n s ,  dem on strates th e  
im portance o f  b a se  s e le c t io n .® 5
W hile e l im in a t io n  r e a c t io n s  are co n v en ien t and w id e ly  u t i l i z e d  t o  
produce a c e t y le n e s ,  th e y  s u f f e r  from two d isa d v a n ta g e s . One i s  
v in y l a t io n ,67 th e  n u c le o p h il ic  a d d it io n  o f  th e  b ase  t o  th e  new ly formed 
a c e ty le n e . For exam ple, v in y la t io n  produ ces v in y l  e th e r s  when oxygen  
b a ses  are  u t i l i z e d .  T h is  d isad van tage  p o in t s  to  th e  need fo r  c a r e f u l  
s e le c t io n  o f  a b a s e , s in c e  th e  e x te n t  o f  v in y la t io n  d ep en d s, in  p a r t ,  
upon th e  n u c le o p h i l i c i t y  o f  th e  b a s e .65 The second major d isa d v a n ta g e  
in  th e  p r e p a r a tio n  o f  h e te r o c y c l ic  a c e ty le n e s  i s  th e  com peting
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r e a c t io n  o f  d e h a lo g e n a tio n . I n s te a d  o f  o b ta in in g  th e  d e s ir e d  a c e ty le n e  
"by d eh y d ro h a lo g en a tio n , th e  o l e f i n  i s  r eg en era ted  hy d e h a lo g e n a tio n .
The n e t r e s u l t  o f  t h i s  com peting r e a c t io n  i s  a r e v e r s a l  o f  r e a c t io n  
IA] in  Scheme I I .
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A ttem pts t o  p rep are a c e t y le n ic  c a r b o x y lic  a c id s  c o n ta in in g  a  
h e te r o c y c l ic  su b u n it v i a  d eh y d ro h a lo g en a tio n  o f  3 - s u b s t i t u t e d  1 , 2 - d i -  
brom opropionic a c id s  £1  and ^  r e s u l t e d  in  th e  form ation  o f  o l e f i n i c  
c a rb o x y lic  a c id s  £2 and r e s p e c t iv e ly .  T h is d eh a lo g en a tio n
r e a c t io n  occu rred  under c o n d it io n s  as m ild  as r e f lu x in g  a lc o h o l  or  
w a ter , w ith o u t th e  a d d it io n  o f  b a s e . P f e i f f e r 69 in  1913 r ep o r ted  th e  
occu rrence o f  t h i s  com petin g r e a c t io n .  However, i t  was n o t u n t i l  th e  
rep o rt o f  A lb e r ts  and Bachman60a in  1935 th a t  t h i s  s id e  r e a c t io n  o f  
d eh a lo g en a tio n  r e c e iv e d  n o ta b le  a t t e n t io n .  The s im ila r  p r o p e r t ie s  o f  
o le f in s  and a c e ty le n e s  hampered th e  d isc o v e r y  th a t  d e h a lo g e n a tio n  i s  a 
s ig n i f i c a n t  com peting r e a c t i o n .65
Nevkome and K oppersm ith70 rep o r ted  th a t  h e t e r o c y c l ic  s u b s tr a te s  
are v e r y  s e n s i t i v e  t o  r e a c t io n  c o n d it io n s  and depending on c o n d it io n s ,  
e ith e r  o l e f i n i c  or a c e t y le n ic  p rod u cts  c o u ld  be o b ta in e d . T h eir  
procedure u t i l i z e d  r a p id  a d d it io n  o f  sm a ll q u a n t i t ie s  o f  d ih a l id e  t o
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r e f lu x in g  a lc o h o lic  "bases fo llo w e d  by a t h i r t y  m inute r e f lu x .  T rea t­
ment o f  p y r id y l d ih a lid e  ^  under th e s e  c o n d it io n s  a ffo rd ed  (£5%) th e  
d e s ir e d  a c e ty le n e  how ever, p ro lon ged  r e a c t io n  t im e s  r e s u lt e d  in  a  
s i g n i f i c a n t l y  d ecrea sed  y i e l d  o f  ^ * 70
CH
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In  a d d it io n  t o  d eh yd roh a logen ation  r e a c t io n s ,  th e r e  are o th er  ty p e s  
o f  e l im in a t io n  r e a c t io n s  u sed  in  th e  p rep a ra tio n  o f  a c e t y le n e s .  The 
F r itsc h -B u tte n b e r g -W ie c h e ll CFBWl rearran gem en t,71 d e p ic te d  in  Scheme 
I I I ,  has been employed in  th e  p rep a ra tio n  o f  arom atic  a c e t y le n e s .
SCHEME III
Ph H P h . _ 
Ph Cl
P h -C = C -P h
Ph ^CI
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The FBW rearrangem ent i s  an a -e l im in a t io n  which in v o lv e s  a r y l  m ig r a tio n  
to  th e  n e ig h b o r in g  carbon w ith  l o s s  o f  th e  h a l id e .  P h en yl s u b s t it u e n ts  
which a re  e le c tr o n -d o n a t in g  in c r e a s e  th e  r a te  o f  r e a c t io n .  T h ere fo re , 
th e  p h en y l r in g  appears t o  be c a t io n ic  during th e  m ig r a t io n .72 Frag­
m en ta tio n  r e a c t io n s 73 have a l s o  been  u sed  t o  g e n e r a te  a c e ty le n e s  and 
th e  r e v e r s a l  o f  th e  D ie ls -A ld e r  r e a c t io n ,  r e tr o d ie n e  c le a v a g e , i s  
another means o f  p rep arin g  a c e t y le n e s .65
As th e  above exam ples d em o n stra te , e lim in a t io n  r e a c t io n s  are  a 
v e r s a t i l e  means o f  s y n th e s iz in g  a c e t y le n e s .  Another o f t e n  u t i l i z e d  
method o f  p rep arin g  a c e t y le n e s  i s  s u b s t i t u t io n  r e a c t i o n .66 In  t h i s  
ty p e  o f  r e a c t io n  an a c e t y l id e  io n ,  which i s  s t a b i l i z e d  by a  m eta l or
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a group th a t  i s  cap a b le  o f  in t e r a c t in g  or bonding w ith  th e  e l e c t r o ­
n e g a t iv e  carbon, d is p la c e s  a  n u c le o fu g e , u s u a l ly  h a l id e .  Viehe®® 
r e f e r s  t o  t h i s  ty p e  o f  r e a c t io n  as  an a lk y la t io n .  In  c o n tr a s t  he has 
la b e le d  th e  r e a c t io n  o f  an a c e t y l id e  io n  w ith  a ca rb on y l u n it  a s  an 
a lk y n a t io n . A lk yn ation s and th e  p rep a ra tio n  o f  r e a c t iv e  m eta l a c e t y -  
l i d e s  w ere d is c u s se d  in  r e la t io n  t o  th e  s y n th e s is  o f  a c e t y l e n e - d io l s , 
S e c t io n  I .  T h e re fo r e , em phasis can now be p la c e d  on th e  d is c u s s io n  o f  
a lk y la t io n s  as th e y  r e la t e  t o  th e  p rep a ra tio n  o f  a c e t y le n e s .
M eta l a c e t y l id e s ,  such  a s  sodium a c e t y l id e ,  are  cap ab le  o f  under­
go in g  s u b s t i t u t io n  r e a c t io n s  w ith  su b s tr a te s  th a t  p o s s e s s  a good le a v in g  
group, e . g .  h a l id e .  In  g e n e r a l ,  m eta l a c e t y l id e s  sm oothly  undergo  
n u c le o p h il ic  s u b s t i t u t io n  w ith  prim ary h a l id e s .  However w ith  seco n d a ry , 
t e r t i a r y ,  or branched prim ary h a l i d e s ,  e lim in a t io n  i s  a  com peting  
r e a c t io n ,  because o f  th e  s tr o n g  b a s i c i t y  o f  th e  a c e t y l id e  ion,®® A ryl 
h a lid e s  c a n ‘a ls o  r e a c t  w ith  m eta l a c e t y l id e s .  Copper r e a g e n ts , f o r  
exam ple, p h e n y la c e ty lid e  6 0 , in  th e  p resen ce  o f  an a r y l  h a lid e  in  
r e f lu x in g  p y r id in e ,7i+ N, N -diraethylform am ide, 75 or a c e t i c  a c id 7® co u p le  
w ith  t h e  a r y l h a l id e  t o  a f fo r d  a d ia r y l  a c e ty le n e  j52.
PhC =  CCu +  P h i  ------> PhC =  CPh +  Cul
60 61 62 r w  rs> -
T his r e a c t io n  was a method fr e q u e n t ly  used  t o  p rep are s u b s t it u te d  
to la n s  and h eteroarom atic  a c e t y le n e s .® 6 In  t h i s  co u p lin g  r e a c t io n  th e  
r e a c t i v i t y  o f  th e  a r y l  h a l id e  in c r e a s e s  in  th e  fo l lo w in g  ord er;
I  > Br > C l .71f A ls o ,  i f  th e  a r y l  group i s  s u b s t i t u te d  w ith  e le c t r o n -  
w ithdraw ing grou p s, th e  r e a c t i v i t y  o f  th e  a r y l  h a l id e  i s  en h an ced ,81 
T h e re fo r e , numerous a lk y l  and a r y l  su b s tr a te s  undergo s u b s t i t u t io n  
r e a c t io n s  t o  a f fo r d  a c e t y le n ic  compounds.
2 6
R eaction s in v o lv in g  copper a c e t y l id e  p o in t  out p o t e n t ia l  d i f f i c u l t y  
o f  f i r s t  having to  g en era te  a m eta l a c e t y l id e  and th en  r ea c t i t  w ith  an 
a lk y l or a r y l h a l id e ,  som etim es under v ig o r o u s  c o n d it io n s . This 
d i f f i c u l t y  can now he circum vented hy u se  o f  a pallad ium  c a t a ly s t .  In  
1975 th r e e  resea rch  groups H e e k ,^  Cassar,^® and Songashira®1* rep o rted  
th e  u se  o f  a pallad ium  complex to  sy n th e s iz e  a v a r ie t y  o f  a c e ty le n ic  
compounds. By em ploying c a t a ly t i c  amounts o f  d ic h lo r o b i s ( tr ip h e n y l-  
ph osp hin eJp allad iu m C lI1 a lon g  w ith  a c o - c a t a ly s t ,  c o p p e r (l)  io d id e ,  in  
an a lk y lam in e s o lv e n t ,  a su r p r is in g  number o f  a c e t y le n ic  compounds can  
be prepared from a lk y l  or a r y l h a l id e s .  Thus, 1-brom ocyclopentene (6 ^ ) ,  
when t r e a te d  w ith  th e  c a t a ly s t  in  th e  p resen ce  o f  propargyl a lc o h o l  
gave a c e ty le n e
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2-BromopyrIdine (6£) a ffo rd ed  b i s (2 -p y r id y l) a c e ty le n e  C66^), when 
tr e a te d  w ith  a c e ty le n e  in  th e  p resen ce  o f  th e  c a t a ly s t ,  or th e  m ixed  
a c e ty le n e , phenyl 2 -p y r id y la c e ty le n e  (66j^), when tr e a te d  w ith  th e  
c a t a ly s t  and p h e n y la c e ty le n e , 64 Treatment o f  1 , ^ -d iiodobenzene w ith  
th e  pallad ium -copper c a t a ly s t  a fford ed  -d i io d o t o la n . 79 H alo-
p yrim id in es are a ls o  cou p led  t o  y i e ld  b is  C pyrim id inyl) a c e ty le n e s  under
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th e s e  same c o n d i t io n s ,88 T hese axe a  few  exam ples o f  th e  v a r ie t y  o f  
su b s tr a te s  th a t  r e a c t  w ith  th e  c a t a ly s t  t o  y i e l d  a c e t y le n e s . The 
c o n d it io n s  req u ir ed  t o  enhance th e  r e a c t i v i t y  o f  an a r y l  h a l id e  axe 
analogous to  th o s e  o f  th e  copper c o u p lin g  r e a c t io n ;  th e  m ost r e a c t iv e  
h a lid e  i s  io d in e  and e lec tr o n -w ith d ra w in g  groups in c r e a s e  r e a c t iv ­
i t y . 7 7 ’ 81
The p a llad iu m -cop p er  c a t a ly s t  o f f e r s  a c o n v e n ie n t , m ild  method o f  
p rep arin g  a v a r ie t y  o f  a c e t y le n ic  compounds. T h is  method adds a new 
dim ension o f  v e r s a t i l i t y  t o  s u b s t i t u t io n  r e a c t io n s  u sed  t o  p rep are  
a c e t y le n e s .  M oreover, th e  two g e n e r a l c la s s e s  o f  r e a c t io n s  u sed  t o  
prepare a c e t y le n e s ,  s u b s t i t u t io n  and e l im in a t io n  r e a c t io n s ,  p ro v id e  
numerous a lt e r n a te  m ethods t o  th e s e  compounds. By proper c h o ic e  o f  
m ethod, c o n d it io n s , and r e a g e n ts  a w ide range o f  a c e t y le n ic  compounds 
can be sy n th e s iz e d .
The a v a i l a b i l i t y  o f  h e t e r o c y c l ic  a c e ty le n e s  ^6  and 66j=i a f fo r d s  
th e  p o s s i b i l i t y  o f  p rep a r in g  d ip y r id y lb e n z e n e s  such as  C losu re  o f
t o  a c y c l i c  compound w ould a f fo r d  an o r th o -cy c lo p h a n e .
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Phanes are d e f in e d  as  "compounds c o n ta in in g  a t  l e a s t  one arom atic  
n u cleu s and a t  l e a s t  one b r id g e " .82 Cyclophane ch em istry  has been  
rev iew ed  by VO gtle and Neumann,82 who surveyed  th e  a rea  o f  m eta -c y c lo -  
p h an es, Cram,.who rev iew ed  bond d e fo rm a tio n s88 and tr a n sa n n u la r 8  ^
e f f e c t s  in  c y c lo p h a n e s , and F o r s te r  and V tJ g tle ,85 who c o n s id e re d  th e
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r o le  o f  cy c lo p h a n es in  d eterm in in g  th e  s t e r i c  s i z e  o f  s u b s t i t u e n t s .
The main im petus fo r  th e  p r e p a r a tio n  o f  th e s e  compounds was s y n th e t ic  
in t e r e s t .  However, b e fo r e  d e a lin g  w ith  th e  s y n th e t ic  a sp e c ts  o f  t h i s  
work, i t  i s  o f  i n t e r e s t  t o  b r i e f l y  h ig h l ig h t  some o f  th e  in fo rm a tio n  
th a t  can be g a in ed  from th e  p h y s ic a l  s tu d ie s  o f  c y c lo p h a n e s . The 
s t e r i c  s i z e  o f  s u b s t i t u e n t s , th e  co n fo rm a tio n a l r e la t io n s h ip  o f  arom atic  
r in g s  in  a  c y c l i c  compound, and bond a n g le s  and bond d is ta n c e s  in  c y c lo ­
phanes a re  some o f  th e  a r ea s  in v e s t ig a t e d  w ith  th e  a id  o f  c y c lo p h a n e s .
S t e r ic  in t e r a c t io n  or s p a t ia l  req u irem en ts o f  a r y l  s u b s t it u e n t s  
were m easured by v a r y in g  th e  ch a in  le n g th  o f  m eta -cyclop h an e 6 8 .06 
The number o f  m eth y len e  u n i t s  com p risin g  th e  b r id g e  was v a r ie d  u n t i l  
th e  in tr a -a n n u la r  s u b s t itu e n t  X c o u ld  J u s t  p ass th rou gh th e  r in g .  T h is  
i s  c a l le d  a to p c m e r iz a t io n  p r o c e ss  and y i e ld s  in fo rm a tio n  co n cern in g  
th e  s i z e  o f  s u b s t i t u e n t  X. The e n e r g e t ic s  o f  th e  to p o m er iza tio n  p ro ­
c e s s  can be s tu d ie d  b y  v a r ia b le  tem p eratu re HMR' (VTNMR). From t h e s e  
VTNMR d a ta , th e  f r e e  en ergy  o f  a c t iv a t io n  f o r  th e  p r o c ess  was d e te r ­
mined and th e  r e l a t i v e  s i z e  o f  th e  s u b s t itu e n t  X was c a lc u la t e d .8 5 ,8 6
Another s t e r i c  s iz e -p r o b le m , t h a t  was r e s o lv e d  by th e  stu d y  o f  
c y c lo p h a n es , i s  th e  s p a t i a l  req u irem ent o f  th e  lo n e  p a ir  o f  e le c t r o n s  
on n itr o g e n . How d oes th e  s i z e  o f  t h i s  e le c tr o n  p a ir  compare t o  t h a t  
o f  a  hydrogen? S p a t ia l  req u irem ent o f  th e  lo n e  p a ir  o f  n itr o g e n  v s  
hydrogen was d eterm in ed  from th e  co n fo rm a tio n a l f l ip p in g  th r e s h o ld
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a. X = N
b. X=CH
When X was n it r o g e n , th e  f l ip p in g  th r e s h o ld  was low er  th an  when X was 
CH.8713 P a r a -cyclop hane £0 a ls o  dem onstrated  a  low er f l ip p in g  th r e s h o ld
when X was n itr o g e n  th an  when X was CH 88 An e x p la n a tio n  fo r  th e
in crea sed  co n fo rm a tio n a l f l ip p in g  when X i s  n itr o g e n  i s  th a t  th e  
sm aller  s t e r i c  s i z e  o f  th e  e le c tr o n s  cause  them t o  in t e r a c t  l e s s  w ith  
th e  op p osin g  r in g  th an  hydrogen.
In  p a r a -cyclop hane £ 0 , when X i s  n itr o g e n , th e  e le c tr o n s  
in tru d e l e s s  in t o  th e  arom atic  r in g  cu rren t o f  th e  p a ra -b r id g ed  benzene  
r in g  than th e  e le c tr o n  c lo u d  o f  h y d ro g en .88
C yclophanes r e la t e d  t o  £0 have a ffo rd ed  in fo rm a tio n  co n cern in g  th e  
con form ation a l f l ip p in g  o f  cy c lop h an es w ith  sa tu r a te d  vs_ u n sa tu ra ted  
b r id g e s . Cyclophane £1 has a  much f a s t e r  r a te  o f  co n fo rm a tio n a l 
f l ip p in g  t h a t  th e  sa tu r a te d  a n a lo g  ^ 0 .88 B o ek e lh e id e 88 a t t r ib u te d  t h i s  
f a c t  to  ( a l  th e  d i f f e r in g  bond a n g le s  w hich in  th e  sa tu r a te d  b r id g ed  
cyclophane 70  a llo w s  fo r  more in t e r a c t io n  betw een th e  s u b s t it u e n t  X 
and th e  p i - e l e c t r o n  c lo u d ; Cb) c o n ju g a tiv e  s t a b i l i z a t i o n  o f  u n sa tu r a ted  
cyclophane £ 1 ; and Cc) r e p u ls iv e  nonbonded in t e r a c t io n s  betw een th e  
m ethylene hydrogens and X -s u b s t itu e n t  in  7 0 . When X i s  n itr o g e n  in  7 1 ,H/Yi
tjie  VTNMR i s  tem p erature ind ep en dent and th e  ground s t a t e  i s  b e l ie v e d  
t o  p o s se s s  a  p erp en d icu la r  arrangem ent o f  th e  two arom atic r i n g s . 88
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This r e la t io n s h ip  between cyclop h anes w ith  sa tu r a te d  and u n sa tu rated  
b rid g es  has been extended t o  naphthalenophanes £2 and
72  7 3•V  /N i
In t h i s  c a s e , l i k e  th e  p rev io u s  exam ple, th e  phane w ith  th e  u n satu ­
ra ted  b r id g e  has th e  h igh er  r a te  o f  con form ation al f l i p p i n g .89
The stud y  o f  cyclophane ch em istry  a ls o  o f f e r s  in s ig h t  in to  bond 
deform ations o f  arom atic r in g s  or "bent" arom atic r i n g s .8 2 ’83 X -ray  
s tr u c tu r a l a n a ly s is  o f  12 .2 Jm etacyclophane r e v e a le d  th a t  th e
benzene r in g s  are in  a boat con form ation , which a v o id s  th e  nonbonded 
in te r a c t io n  o f  carbon atoms C-8 and C-10 and t h e ir  s u b s t i t u e n t s .98
Q . X - H
b. x= CH3
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When X i s  m ethyl, ^I+b, th e  bond len g th 'b e tw een  th e  carbons o f  th e . 
b rid ge  in c r e a se s  and th e  arom atic r in g s  aga in  assume a b oat co n fo r ­
m ation . 9 i Cram92 rep o rted  th a t  I 8 ] paracyclophane a ls o  has a ben t 
benzene r in g . R ecen tly , B o ek elh e id e93 rep o rted  th e  p rep a ra tio n  o f  th e  
double b r id ged  or stacked  compounds, such as where th e  benzene  
r in g s  are  stack ed  in  a fa c e  t o  fa c e  arrangem ent. X -ray  s tr u c tu r a l  
a n a ly s is  o f  ££ showed th a t  th e  benzene r in g s  are in  th e  boat con for­
m ation alm ost t o  th e  same d egree  as {2 .2 J p a r a cy c lo p h a n e .93 ,91j 
B oek elheide performed r e a c t io n s  such as th e  B irch  r ed u c tio n  and c y c lo -  
a d d it io n  r e a c tio n s  on ££  in  ord er  t o  t e s t  th e  r e a c t iv i t y  brought about
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by strain energy.93 The preparation of [2.2.2.2.2.2]Cl,2,3,^,5,6)-
The above exam ples convey some o f  th e  ch em ical and p h y s ic a l  in f o r ­
m ation th a t  i s  o b ta in a b le  from th e  stu d y  o f  cy c lo p h a n es . S y n th e s is  o f  
cyclop hanes u s u a l ly  in v o lv e s  two b a s ic  s t e p s :  (a )  c y c l i z a t io n  o f  th e
r e a c ta n ts  to  a th ia c y c lo p h a n e ; Cb) e x p lu s io n  o f  th e  s u lfu r  atom t o
a ffo r d  a cyclop h an e. T h is r e a c t io n  sequence i s  th e  g e n e ra l method o f
c h o ic e  in  th e  p r e p a r a tio n  o f  c y c lo p h a n e s , b ecause o f  th e  v e r s a t i l i t y  
o f  th e  s u lfu r  atom. There are  s e v e r a l  methods o f  c y c l i z a t io n  th a t  
employ a s u lfu r  f u n c t io n a l i t y  and s e v e r a l  methods o f  e x p e l l in g  th e  
s u lfu r  atom; h en ce , th e  v e r s a t i l i t y  o f  s u lf u r .
A method o f t e n  em ployed in  th e  s y n th e s is  o f  th ia cy c lo p h a n e s  
in v o lv e s  th e  co n d en sa tio n  o f  a  t h io l - s u b u n i t  w ith  a h a lo - s u b u n it . For
exam ple, th e  d ia n io n  o f  2 , 6 - b is { .th io m e th y l)p y r id in e  {££) condensed
w ith  jo -xylyen e dibrom ide t£8 ) t o  a f f o r d  2 , l l - d i t h i a [ 2 .2 ] ( 2 ,6 ) p y r i d i n o -  
p aracyclophane . 80 A nother fr e q u e n t ly  encountered  c y c l i z a t io n  
method u se s  sodium s u l f id e  t o  e f f e c t  r in g  c lo s u r e . T his method o f  
c y c l i z a t io n  i s  dem onstrated  by th e  co n v ers io n  o f  8 l  t o  th e  t h ia c y c lo -
cyclophane C^6), w hich has been term ed superphane, was r e c e n t ly  
rep o rted  by B o e k e le id e . 95 P r e s e n t ly ,  no p h y s ic a l  or  ch em ica l s tu d ie s  
have been conducted on superphane 7 6 .
phane 96
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N aphthalene d e r iv a t iv e  8 l  a f fo r d e d  8 2 , when t r e a t e d  w ith  sodium s u l f id e<v\, n/\j ’
in  aqueous t-h u ta n o l/h e n a e n e . U t i l i z a t i o n  o f  sodium s u l f id e  t o  produce  
r in g  c lo s u r e  n e c e s s i t a t e d  th e  u s e  o f  an aqueous or a q u e o u s -a lc o h o lic  
s o lv e n t  in  order t o  d is s o lv e  t h e  s u l f id e  r e a g e n t . T h is r e s t r i c t i o n  
can h e  avo id ed  by em ploying th io a c e ta m id e  and a  h a se  in  anhydrous 
h e n z e n e /e th a n o l .97 Terphenyl 8^ was t r e a t e d  w ith  t h io a c e t  amide and 
p otassiu m  h yd roxid e in  anhydrous b e n z e n e /e th a n o l t o  a f fo r d  t h ia c y c lo ­
phane 8 £ . 97 T hese r o u te s  p r o v id e  s y n th e t ic  a l t e r n a t iv e s  fo r  th e  
p r e p a r a tio n  o f  th ia cy c lo p h a n e  s .
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J u st as th er e  are d i f f e r e n t  r o u te s  a v a ila b le  fo r  th e  p rep a ra tio n  
o f  th ia c y c lo p h a n e s , th e r e  are a lt e r n a te  methods fo r  th e  ex p lu s ion  o f  
th e  s u lfu r  atom, t o  a ffo r d  a cy c lo p h a n e . A ro u te  o fte n  u t i l i z e d  t o  
exp el su lfu r  employs an o x id iz in g  a g e n t , such a s ,  hydrogen p ero x id e  in  
g l a c t i a l  a c e t ic  a c id /b e n z e n e , t o  o x id iz e  a s u l f id e  t o  th e  corresp ondin g  
s u lfo n e . P y r o ly s is  o f  s u lfo n e s  ca u ses  e x tr u s io n  o f  s u lfu r  d io x id e  to  
g iv e  th e  corresponding cy c lo p h a n e , ( .e .g . 8 ^ ) .96 M eth y la tion  o f  a 
s u lf id e  and subsequent S teven s rearrangem ent a ffo r d s  s u l f i d e s ,  such as 
8 0 . Hoffmann e lim in a tio n  o f  s u l f id e s  C e.g. )($?;) p ro v id es  a con ven ien t  
m ethod.of r in g  c o n tr a c tio n  and s u lfu r  e x tru s io n .® 8 As a f i n a l  method 
o f  su lfu r  e x p lu s io n , a s u l f id e  tr e a te d  w ith  benzyne undergoes a 
rearrangem ent-ring c o n tr a c tio n  t o  a ffo r d  an a r y l s u l f id e .  O xid ation  
to  an a r y l  s u l f id e  and subsequent p y r o ly s is  e lim in a te s  a s u lfo x id e  t o  
a ffo r d 'a  c y c lo p h a n e .98 These th r e e  s u lfu r  e l im in a t io n -r in g  co n tra c ­
t io n  procedures dem onstrate th e  v e r s a t i l i t y  o f  s u lfu r  in ter m e d ia te s  in  
th e  p rep a ra tio n  o f  cy clo p h a n es.
A cety len es  are  u s e f u l  s y n th e t ic  p recu rso rs  fo r  th e  p rep a ra tio n  o f  
d is u b s t itu te d  b en zen es as dem onstrated by d ip y r id y lb e n z e n e .6 ^ . Compounds 
o f  t h i s  ty p e  p rov id e  con ven ien t en tr y  in t o  s y n th e t ic  r o u te s  d esign ed  
t o  prepare cyclop h an es,
O rganom etallic r ea g en ts  can be u t i l i z e d  t o  produce a v a r ie t y  o f  
s y n th e t ic  tra n sfo rm a tio n s in  h e te r o c y c l ic  compounds. H e te r o c y c lic
3h
k eto n es  and carb on y l s u b s t r a t e s , when r e a c te d  w ith  th e  a p p rop ria te  
m eta l reagent., a ffo r d e d  a c e t y l e n e - d i o l s , w hich are  p r e c u r so r s  o f  e i th e r  
cum ulenes or  o l e f i n s . Numerous compounds w hich c o n ta in  a  h eteroatom , 
in c lu d in g  p y r id in e  d e r iv a t iv e s ,  are  ca p a b le  o f  u n d erg o in g  c y c lo m e ta l-  
l a t i o n ,  a proven method o f  in tr o d u c in g  a ca rb o n -m eta l bond a t a s p e c i f i c  
s i t e .  C y c lo m e ta lla te d  compounds can o f t e n  be s y n t h e t i c a l l y  e x p lo it e d .  
M eta l-h a logen  exchange in  p y r id in e s  i s  a w e l l  docum ented method o f  
in tro d u c in g  s u b s t i t u e n t s  o n to  th e  p y r id in e  r in g .  M eta l com plexes, 
such as d ic h lo r o b is  Q tr ip h en y lp h osp h in e)p a lla d iu m (X I) a lo n g  w ith  th e  c o -  
c a t a ly s t  c o p p e r ( i)  io d id e ,  a re  u s e f u l  fo r  th e  p r e p a r a t io n  o f  numerous 
d is u b s t i t u t e d  a c e t y le n e s ,  in c lu d in g  h e te r o c y c l ic  a c e t y le n e s .  A c e ty len es  
are th u s co n v en ien t s t a r t in g  m a te r ia ls  fo r  th e  p r e p a r a tio n  o f  d iv e r se  
d is b u s t i t u t e d  b en zen es and r e la t e d  compounds.
EXPERIMENTAL
G eneral Comments. The c h e m ic a ls , e x c lu d in g  s o lv e n t s ,  w ere r e ­
agen t grade and u sed  w ith o u t fu r th e r  p u r i f ic a t io n  u n le s s  o th er w ise  
s ta te d  in  a s p e c i f ic  ex p er im en t. The e x tr a c t io n  s o lv e n ts  were r e ­
agent grade and not p u r i f ie d  u n le s s  s t a t e d .  B en zene, d ie th y l  e t h e r ,  
p etroleum  e th er  (bp 3 0 -6 0 °C ), c y c lo h e x a n e , t o lu e n e ,  and x y le n e  were 
d r ie d  o v er  sodium r ih h o n . T etrah ydrofuran  (.THF) was d i s t i l l e d  from  
l ith iu m  aluminium h yd rid e  (LAFi) and ddm ethoxyethane (DME) was tr e a te d  
i n i t i a l l y  w ith  ca lciu m  h y d r id e , f i l t e r e d ,  and d i s t i l l e d  from LAH,
Both THF and DME were s to r e d  over a c t iv a t e d  m o lecu la r  s ie v e s  (L inde  
Type Ua) under an argon atm osphere, H exam ethylphosphorus tr ia m id e  
(HMPT) was d i s t i l l e d  a t  red u ced  p r e ssu r e  from ca lc iu m  ox id e  and s to r e d  
over a c t iv a te d  m olecu lar  s i e v e s  (L inde Type hA) under an argon atmo­
sp h ere , D iethylam in e and tr ie th y la m in e  were d i s t i l l e d  from potassium  
hyd rox id e p e l l e t s  and s to r e d  over p o ta ssiu m  h yd rox id e  p e l l e t s .  1 ,2 -  
D ich loroh en zen e was d i s t i l l e d  from phosphorus p en to x id e  and s to r e d  
over m o lecu la r  s ie v e s  (L ind e Type U a ).
T hin la y e r  chrom atography (TLC) was perform ed on 20 cm g la s s  
p la t e s  w ith  a 0 .2 5  mm c o a t in g  o f  Brinkmann HF-25^ + 366 s i l i c a  g e l ,  
e lu t in g  w ith  th e  s t ip u la t e d  s o lv e n t s . The p la t e s  were a c t iv a te d  fo r  
a minimum o f  1 hour a t  150°C b e fo r e  u s e .  T hick  la y e r  chromatography 
(ThLC) was perform ed on 20 cm x 1*0 cm g la s s  p la t e s  w ith  a 2 mm c o a tin g  
o f  Brinkmann PF-25^ + 366 s i l i c a  g e l ,  e lu t in g  w ith  s t ip u la te d  s o lv e n t s .  
The p la t e s  were a c t iv a te d  f o r  minimum o f  U hours a t  150°C p r io r  t o  
u s e .  ThLC p l a t e s ,  th a t  w ere m u lt ip ly  d ev e lo p ed , a re  l i s t e d  w ith  th e  
number o f  e lu t i o n s , Column chrom atography p roced u res u t i l i z e d  s i l i c a
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g e l  (B aker, 60-200 m esh ). I n i t i a l  p u r i f ic a t io n  p roced u res employed 
s i l i c a  g e l  (Baker, 6 0 -200  m e sh ), alum ina (A lcoa F -2 0 , 8 0 -200  m esh), 
and a c t iv a te d  ch a rco a l (Nuchar C -190N ), Vapor ph ase chrom atography  
Gvpc) was perform ed on a P erk in -E lm er 990 w ith  a l / l* 1' x 6 ' column 
packed w ith  th e  s t ip u la t e d  m a t e r ia l  or on a V arian  Aerograph 90-P  
w ith  a 3 /8 ” x 10 > column packed w ith  10$ 0V 101 on 1 0 0 /1 2 0  mesh chrom o- 
sorb  W,
M eltin g  p o in ts  were m easured in  c a p i l la r y  tu b e s  w ith  a Thomas- 
Hoover U nim elt and w ere u n c o r r e c te d . Mass s p e c t r a l  (MS) d ata  were 
o b ta in ed  on e i th e r  a H ita c h i P erkin -E lm er EMS-U or a H ew lett Packard  
Model 5986 gc/m s sy stem . A flu o ro ca rb o n  was em ployed a s  a cou n tin g  
r e fe r e n c e .  1H N uclear m agn etic  reson an ce  (LIMB) sp e c tr a  were record ed  
on e ith e r  a Varian A s s o c ia te s  A-60A sp ectro m eter , or  where noted  on a  
V arian A s s o c ia te s  HA-100 o r  a  Bruker UP-200 sp e c tro m e te r . T etra -  
m e th y ls ila n e  (IMS) was u sed  as an in t e r n a l  standard  and chem ical s h i f t  
v a lu e s  are r ep o rted  in  p a r ts  p er  m i l l io n  (fi) d o w n fie ld  from  TMS, 
In fr a r e d  s p e c tr a  (IE ) w ere reco rd ed  on e ith e r  a  P erkin -E lm er IE -137 or  
a Perkin-E lm er IE -621 g r a t in g  sp ectro p h o to m eter . U l t r a v io le t  (UV) and 
v i s i b l e  (VIS) sp e c tr a  w ere reco rd ed  on a Cary-lU sp ectro p h o to m eter , 
in  th e  s t ip u la t e d  s o l v e n t s . The sp e c tr a  were o b ta in e d  in  1 cm m atched  
q u artz  c e l l s  and w ere c o r r e c te d  by a so lv e n t  b la n k .
E lem en ta l a n a ly se s  w ere perform ed by Mr, E. L, Seab in  th e se  
l a b o r a t o r ie s .
U, 9 -B ia z a f lu o r e n -9 -o n e  (5H -C yclop en ta[2 ,1 - b ; 3 ,U -bT] d ip y r id in -g -  
o n e) ( l ) .  Method A. O x id a tio n  o f  1 ,1 0 -P h en a n th ro lin e  M onohydrate.^
A s o lu t io n  o f  1 ,1 0 -p h e n a n th r o lin e  monohydrate (20 g ,  0 .1 0  m ol) and
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p otassiu m  hyd roxid e (10  g ) in  w ater  ( 1 ,5  L) was r e f lu x e d ,  th en  a hot  
aqueous s o lu t io n  (800 mL) o f  p o ta ss iu m  perm anganate (5 0  g ) was added • 
over 15 m in uteB , r e f lu x e d  f o r  an a d d it io n a l  10 m in u te s , th en  f i l t e r e d .  
The orange f i l t r a t e  was c o o le d  and e x tr a c te d  w ith  ch loroform  (3  * 500 
mL). The combined e x tr a c t  was d r ie d  over  anhydrous magnesium s u l f a t e  
and c o n c en tr a ted  in  vacuo t o  a f f o r d  a  y e l lo w  s o l i d  r e s id u e ,  which was 
r e c r y s t a l l i z e d  from aceto n e  t o  a f f o r d  U, 5 -d ia z a f lu o r e n e -9 -o n e , as  
y e llo w  n e e d le s :  H.O g (2 0 # );  mp 211°C ( l i t . 2 mp 211°C ); NMR (CDC13 )
67 .28  (d d , 2 ,7-arom -H , J = 8 .0 , 5 ,0  Hz, 2H ), 7 -9 1  (d d , l,8 -arom ~H ,
J = 8 .0 , 2 .0  Hz, 2H ), 8 .7 5  (d d , 3 ,6 -arom -H , J = 5 .0 , 2 .0  Hz, 2H ). IR 
(KBr1 1725 (C = 0), 1 5 7 5 , 15^0, 1U 50, 1 3 9 0 , 1 2 6 0 , 1090 cm"1 ; MS (70 e /v )  
Table I .A .
A n a l, C alcd . fo r  Cn H6N20: C, 7 2 .5 3 ;  H, 3 .3 0 ;  N, 1 5 .3 8 . Found:
C, 7 2 .2 2 ;  H, 2 .9 8 ;  N, 1 5 .b6.
The aqueous s o lu t io n  was c o n c e n tr a te d  t o  c a , 800 mL, th en  th e  pH 
was a d ju s te d  t o  ca , U w ith  5N s u l f u r ic  a c id .  A brown p r e c ip i t a t e  was 
c o l l e c t e d ,  d is s o lv e d  in  h o t w a te r , and d e c o lo r iz e d  w ith  a c t iv a te d  
c h a r c o a l. Upon c o o l in g ,  2 , 2 , - d i p y r i d y l - 3 ,3 ’-d ic a r b o x y l ic  a c id  sep a­
r a te d , a s  c o lo r l e s s  c r y s t a l s :  19  g (7 8 # ) ;  mp 263-268°C (d ec) [ l i t , 1*
mp 2 6 i* -268°C (d ec)]; MMR (p y r id in e -d 5 ) 67 .^ 0  (d d , 5 ,5 '-p y x -H , J = 8 .0 ,
5 .0  H z, 2H ), 8 .5 0  (d d , U ,l* '-p yr-H , J = 8 .0 ,  2 .0  Hz, 2H ), 8 .6 8  (d d , 6 , 6 ' -  
pyr-H , J = 5 .0 ,  2 .0  Hz, 2H ), 1 0 .65  ( b s , -C02H, 2H ). IR (KBr) 3000 ,
17^0 (C0zH ), 1 6 1 0 , l l l3 0 ,  1 2 3 0 , l l 6 0 ,  1 1 2 5 , 1060 cm"1 .
A n a l, C alcd . fo r  C12H8N20it : C, 5 9 .0 2 ;  H, 3 .2 8 ;  N, 11.1*8,
Found: C, 5 9 .0 1 ; H, 3 .2 0 ;  N , 1 1 .3 5 .
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Method B. P y r o ly s is  o f  Calcium  2 , 2 t- D ip y r id y l - 3 ,3 1-d ic a r b o x y la te . 
Calcium c h lo r id e  C l , 8 g ,  1 2 .3  mmol) was added t o  an aqueous s o lu t io n  
(Uo mL) o f  p otassiu m  h ydroxid e (2 .6 ?  g ) and 2 , 2 ’- d ip y r id y l - 3 ,3 ' - d i c a r -  
h o x y lic  a c id  (3  g ,  1 2 .3  m m ol), th en  s t ir r e d  fo r  9 h o u r s . A b e ig e  
s o l i d ,  w hich s lo w ly  se p a r a te d , was c o l l e c t e d  and d r ie d  in  vacuo t o  
a ffo r d  ca lc iu m  2 , 2 ’- d ip y r id y l - 3 ,3 ' -d ic a r b o x y la te , an o f f - w h it e  s a l t
(1 .8  g ) .
A sam ple o f  t h i s  s a l t  (200 mg) was h ea ted  over  an open flam e and 
th e  r e s u l t in g  b la c k  m ix tu re  was chrom atographed (TLC), w hich in d ic a te d  
th a t  none o f  th e  d e s ir e d  k e to n e , ^ , 5 -d ia z a f lu o r e n -9 -o n e , was form ed.
H eatin g  a sample o f  th e  s a l t  (800 mg) t o  360°C in_ vacuo a ffo rd ed  
s im ila r  r e s u l t s ,  no U, 5 -d ia z a f lu o r en -9 -o n e  was foxm ed.
Method C. D ir ec te d  M e ta lla t io n  o f  2 , 2 ’-D ip y r id y l t o  form 3 , 3 ' -  
D i l i t h i o - 2 , 2 1-D ip y r id y l tra p p in g  w ith  E th y l C h loroform ate . An 
anhydrous THF s o lu t io n  (30 mL) o f  2 , 2 ’-d ip y r id y l  ( 3 . 0  g ,  1 9 , 2  mmol) 
was c o o led  t o  -50°C (d ry  ic e - a c e to n e  b a th ) under an argon atm osphere, 
th en  tr e a te d  w ith  n -b u ty ll ith iu m  (.2 ,UM in  h exan e, 16 mL, 3 8 , U mmol) .  
A fter  s t i r r in g  fo r  2 h o u rs , a THF s o lu t io n  o f  e th y l  c h lo r o f  orm ate 
( 1 .8  mL, 1 9 . 2  mmol) was added t o  th e  deep red  m ix tu re  and s t ir r e d  
fo r  2 h o u rs . T his m ix t u r e  was c o n c en tr a ted  in  vacuo t o  a f fo r d  a  
b la c k  t a r  ( 6 . 7  g ) .  Chromatography (TLC) in d ic a te d  a com plex m ix tu re  
la c k in g  U, 5 -d ia z a f lu o r en -9 -o n e ; no fu r th e r  work-up was con d u cted ,
l-A z a flu o r e n -9 -o n e . (9 H -In d e n o [2 ,l-b ]p y r id in -9 -o n e )  ( 3 ) .  Method 
A, O xid ation  o f  5 ,6 -B e n z o q u in o lin e .® A b o i l in g  aqueous s o lu t io n  
CL.6 L) o f  5 , 6 -b en zo q u in o lin e  (20  g ,  0 .1 1  m ol) and sodium  h yd roxid e
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(8 g ) v a s  t r e a t e d  w ith  a h o t aqueous 10% s o lu t io n  (.700 mL} o f  p otassium  
permanganate (70  g ) .  The proced ure and w ork-up, which was p r e v io u s ly  
d e sc r ib e d , a ffo r d e d  a y e l lo w  s o l i d ,  th a t  was r e c r y s t a l l i z e d  from  
e th a n o l t o  g iv e  1- a z a f lu o r e n -9-o n e , a s  y e l lo w  c r y s t a l s :  1 . 7  g ( 9^ );
mp 127-129°C  ( l i t . 99 mp 1 2 8 -1 2 9 °C ); MNR (CDC13 ) 6 7 .0 5  (d d , 3-arom -H ,
J=8 .0 ,  5 .0  Hz, 1H ), 7.1*5 (m, 6 ,7 -arom -H , 2H ), 7 .5 0  (m, 5 ,8-arom -H ,
2h) ,  7 .8 1  (d d , 1*-arom-H, J = 8 .0 , 1 .5  H z ), 8 .5 3  (d d , 2-arom -H , J = 5 .0 ,
1 .5  Hz, 1H}*, IR (KBr) 1 7 3 0 , l 6 l 5 ,  1 5 8 5 , 1 3 0 5 , 9 3 5 , 750 cm"1 ; MS (70  
e /v )  Table I .B .
A n a l. C a lcd , fo r  C12H7NO: C, 7 9 .5 9 ;  H, 3 .8 7 ;  N, 7 .7 3 .  Found:
C, 7 9 .2 9 ;  H, 3 .9 1*; IT, 7.UU.
The aqueous s o lu t io n  a ffo r d e d  3 -p h e n y lp y r id in e -2 ,2 ' -d ic a r b o x y l ic  
a c id  as  an o f f - w h it e  s o l id :  2 6 .9  g (9 1 $ );  mp 2 1 0 -2 1 2 °C (d ec ) [ l i t , 100
mp 20l*°C (d ec)]; HMR (DMS0-d6 ) 6 8 .U8 (m, 5 -p yr-H , J = 6 ,0 , 5 .0  Hz, 1H ),
7 .6 0  (m, phe-H , ^H), 8 .0 1  (m, lt-pyr-H , J = 6 .0 , 2 .0  H z, 1H ), 8 .6 2  (dd , 
6-p yr-H , J=1*.0, 2 .0  Hz, 1H ); IR (KBr) 17^ 0, 1 7 0 0 , l6 U 0 , lU o o , 132 5 , 
1 1 7 0 , 1100 cm"1 .
A n a l. C a lcd . fo r  C13H9HO4 : C, 6H .19; H, 3 .7 0 ;  H, 5 .7 6 .  Found:
C, 6 3 .9 3 ;  H, 3 .5 6 ;  H, 5 .6 9 .
Method B . P y r o ly s is  o f  Calcium 3 -P h e n y lp y r id in e -2 , 2 ’-d ic a r b o x y -  
l a t e  ( 9 2 ) . A m ix tu re  o f  3 -p h e n y lp y r id in e -2 ,2 '  -d ic a r b o x y l ic  a c id  (^ ,0  
g , 1 6 .6  mmoll and ca lc iu m  h yd roxid e ( 1 .2  g ,  1 6 .6  mmol) in  w ater  (300  
mL) was r e f lu x e d  f o r  5 d a y s . The m ix tu re  was th en  c o n c e n tr a te d  in  
vacuo t o  a f fo r d  ca lc iu m  3 -p h e n y lp y r id in e -2 , 2 1-d ic a r b o x y la te  a s  a 
c o lo r l e s s  s a l t ;  5 .2  g ,  mp >330°C.
G lass beads were co a ted  w ith  a powdered sam ple o f  t h i s  s a l t  ( 1 ,0
6 , 3 .6  mmol) th en  p la c e d  in  a  su b lim a tio n  app aratus and h ea ted  to  
36o°C a t  0 ,0 5  mm. A y e l lo w  s o l i d  which s lo w ly  c o l l e c t e d  on th e  c o ld  
f in g e r  was r e c r y s t a l i i z e d  from a ce to n e  t o  a f fo r d  l - a z a f lu o r e n - 9-o n e  as 
y e llo w  c r y s t a l s :  ll+O mg (2 2 $ ) ;  mp 123-127°C .
Method C. P y r o ly s is  o f  3 -F h e n y lp y r id in e -2 .,2  '-d ic a r b o x y lic  
A nhydride. A s o lu t io n  o f  3 -p h e n y lp y r id in e -2 , 2 ' -d ic a r b o x y l ic  a c id  
(2 ,5  g ,  10 m m ol), a c e t i c  an h yd rid e (.10 mL), and p y r id in e  Cl niL) was 
r e f lu x e d  fo r  U, 5 hours under a  n itr o g e n  atm osp h ere. The "black m ix tu re  
was co n cen tra ted  in  vacuo t o  a f f o r d  a  b la ck  s o l id  r e s id u e ,  which was 
column chrom atographed e lu t in g  w ith  ch loroform  t o  a f fo r d  3 -p h e n y l-  
p y r id in e -2 , 2 ' -d ic a r b o x y l ic  anh ydride as a  y e llo w  s o l id :  350 mg ( 1 5 $ ) j
mp 1 1 5 - ll8 ° C ;  WMR CDMS0-d6 ) 6 7 .5 1  Cdd, 5 -p yr-H , J - 8 . 0 ,  5 .0  Hz, lH ) ,
7 .6 1  (m, 3 ,6 -p h e -H , 2H>, 7 .7 5  Cm, l*,5-phe~H, 2H ), 8 .2 0  (d d , U -pyr-H , 
J = 8 ,0 , 1 .5  Hz, 1H ), 8 .6 2  Cdd, 6 -p y r-H , J = 5 .0 , 1 .5  H z, 1H); IR (KBr) 
1790, l6 U 0 , 133 0 , 1 1 9 0 , 9^5 cm"1 : MS (70 e /v )  s e e  T ab le I .B .
A sam ple o f  th e  an h ydrid e (100 mg, 0 .U mmol) was h ea ted  on an 
open flam e and th e  r e s u l t a n t  b la c k  r e s id u e  e x tr a c te d  w ith  ch loroform . 
Chromatography (TLC) o f  th e  e x tr a c t  in d ic a te d  th e  fo rm a tio n  o f  1 -  
a z a f lu o r e n -9-o n e  a lo n g  w ith  o th er  com ponents.
1 , 8-P ia z a f lu o r e n -9-o n e  C9H-CyclopentaI1 , 2- b : b , 3 - b T] d ip y r id in - 9 -  
one) ( 2 ) . 2 lt ,7 -P h e n a n th r o lin e -5 ,6 -q u in o n e  t 2 3 l101 C3.0 g ,  l 1* mmol) was 
added t o  a  r e f lu x in g  aqueous s o lu t io n  (60 mL) o f  1M sodium  h y d ro x id e . 
Oxygen was bubbled th rou gh  th e  r e f lu x in g  m ixtu re  o ver  30 m in u te s ,
A fte r  c o o l in g ,  a y e l lo w  s o l i d  sep a ra ted  and was f i l t e r e d .  The f i l t r a t e  
was n e u t r a l iz e d  w ith  c o n c e n tr a te d  h y d ro ch lo r ic  a c id ,  e x tr a c te d  w ith
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chloroform  (3  * 50 mL).. The com bined e x tr a c t  was d r ie d  o v er  anhydrous 
magnesium s u l f a t e  and c o n c e n tr a te d  i l l  vacuo t o  a ffo r d  a  y e llo w  s o l i d .
The combined y e llo w  s o l i d  was r e c r y s t a l l i z e d  from e th a n o l t o  g iv e  1 ,8 -  
d ia z a f lu o r e n -9 -o n e , a s  y e l lo w  c r y s t a l s :  1 .1 5  g  (*+3/0; mp 228°C ( l i t , 2
mp 205°C ); HMR (CDC13 ) 6 7 .^ 0  Cdd, 3,6-arom -H , J= 7*5 , 5 .0  H z, 2H ), 7 .9 2  
Cdd, l|,5-arom -H , J = 7 .5 ,  1 .5  Hz, 2H ), 8 ,6 2  (dd , 2 ,7-arom -H , J = 5 .0 , 1 .5  
Hz, 2H ), IR (KBr) 1 7 7 5 , 1 5 7 1 , 1 ^ 1 0 , 9 5 5 , 800 cm- 1 ; MS (70  e /v )  T able  
I .A .
A n al. C alcd. f o r  C iiH 6N20 i C, 7 2 ,5 3 ;  H, 3 .2 9 ;  N, 1 5 .3 8 . Found:
C, 7 2 .2 5 ; H, 3 .2 1 ;  N, 1 5 .2 0 .
t r i s t l  , 10-F h e n a n th r o lin e ).c o b a lt  P e r c h lo r a te  ■1 02 An aqueous 
s o lu t io n  (100 mL) o f  1 ,1 0 -p h e n a n th r o lin e  m onohydrate ( 1 ,0  g ,  5 mmol) 
heated  t o  80°C was t r e a t e d  w ith  an aqueous s o lu t io n  (10  mL) o f  c o b a l t -  
( I I )  c h lo r id e  hexahyd rate (2 .li5  mg, 1 mmol) t o  g iv e  a y e l lo w  s o lu t io n .  
This y e llo w  s o lu t io n  was c o o le d  a t  8°C , th en  c h lo r id e  gas was in t r o ­
duced through th e  s o lu t io n  fo r  10  m in u te s . The gas f lo w  was co n tin u ed  
as th e  r e a c t io n  m ix tu re  s lo w ly  warmed t o  room tem p era tu re , th en  th e  
flo w  o f  c h lo r in e  gas was sto p p ed  and th e  m ixtu re  was warmed t o  60°C,
An aqueous sa tu r a te d  s o lu t io n  (U0 mL) o f  sodium p e r c h lo r a te  was added , 
cau sin g  an im m ediate p e r c ip i t a t io n  o f  a y e llo w  s o l i d ,  w hich was 
f i l t e r e d  and washed w ith  ch loroform  t o  a f fo r d  t r i s ( l , 1 0 -phenan­
th r o l in e  )c o b a lt  p e r c h lo r a t e ,  a s  a  y e l lo w  powder: 1 , 2  g ( 92# } ,
1 ,1 0 -P h e n a n th r o lin e -5 , 6-q u in o n e  (88a ) .* ^  t r i s ( l , 1 0 -Phenan- 
th r o l in e ) c o b a lt  p e r c h lo r a te  (1 , 0  g ,  3 .9  mmol) and sodium bromide (500  
mg, U.8  mmol) were d is s o lv e d  in  c o ld  co n c en tr a ted  s u l f u r ic  a c id  (10  mL).
1*2
C on cen trated  n i t r i c  a c id  (5 mL) was added and th e  r ed  s o lu t io n  was 
r e f lu x e d  fo r  30 m in u te s . A f te r  c o o l in g ,  th e  r e a c t io n  m ix tu re  was 
poured in t o  an aqueous sa tu r a te d  s o lu t io n  ClO mL) o f  sodium p e r c h lo r a te ,  
A y e l lo w  p r e c ip i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and th e  f i l t r a t e  
e x tr a c te d  w ith  ch loroform  (3  * 20 mL). The combined org a n ic  e x tr a c t  
was d r ie d  over anhydrous sodium s u l f a t e  and c o n c en tr a ted  in  vacuo t o  
a ffo r d  t r i s C l , 10-p h e n a n th r o lin e -5 , 6-q u in o n e )c o b a lt  p e r c h lo r a te  a s  a 
y e llo w  s o l id :  l l *7 mg Cll/£1.
t r i s  Cl , 10-P h e n a n th r o lin e -5 , 6-q u in o n e ) c o b a lt  p e r c h lo r a te  Cll*7 mg) 
in  an aqueous s o lu t io n  (25 mL) o f  te tra so d iu m  e th y le n e d ia m in e te tr a -  
a c e t a te  IOeDTA), 1 g ] was r e f lu x e d  fo r  1 h ou r. Upon c o o l in g ,  1 , 1 0 -  
p h e n a n th r o lin e -5 , 6-gu in on e p r e c ip i t a t e d  a s  a y e l lo w  s o l id :  98 mg
(82%); mp 2l*7- 2l*9°C ( . l i t . 2 mp 250°C )j NMR CCDC1 3 ) 6 7 .5 2  Cdd, 3 .8 -a ro m -  
H, J = 8 .0 ,  h,5  Hz, 2H); 8.1*0 Cdd, l*,7-arom -H, J = 8 .0 , 1 .5  Hz, 2H) *, 9 .0 2  
Cdd, 2 , 9-arora-H, J= l* ,5 , 1 .5  H z, 2H); IR CKBr) 1 6 9 3 , 1 6 2 0 , 11*25, 1385 , 
1 3 2 0 , 1 0 2 2 , 810 cm- 1 ; MS C?0 e / v )  T able I .A .
5- H i t r o - l , 10-p h e n a n th r o lin e  C5) . 3 A s lu r r y  o f  1 , 10-p h en an -  
t h r o l in e  m onohydrate ( l .O  g ,  5 mmol) in  co n c en tr a ted  s u l f u r ic  a c id  C5 
mL) was c o o le d  in  an i c e  b a th , th en  c a u t io u s ly  t r e a t e d  w ith  c o ld  con­
c e n tr a te d  n i t r i c  a c id .  By a l t e r n a t e  c o o lin g  and h e a t in g , th e  r e a c t io n  
tem p eratu re  was m ain ta in ed  a t  c a . 130°C f o r  1*5 m in u te s . At th e  end o f  
t h i s  p e r io d , th e  a c id ic  s o lu t io n  was poured on to  i c e  and th e  pH 
a d ju s te d  t o  ca . 5 w ith  10N sodium  h y d ro x id e , A s o l i d  p r e c ip i t a t e  was 
c o l l e c t e d  t o  a f fo r d  5- n i t r o —1 , 1 0 -p h e n a n th r o lin e , a s  an o f f - w h it e  
powder: 855 mg (7 8 # ) ;  mp 193-195°C  C l i t . 10** mp 203°C)*, NMR (CDC13 )
6 7 .60  Cm, 3 , 8-arom-H, 2H ), 8 .1 7  Cda, 7 -arom -H , J=8 . 0 , 1 .5  H z, 1H ),
Table I.A.
Mass Sp ectra  Data fo r  Azaphenanthrene D er iv a tiv es
R e la tiv e  I n t e n s i t ie s
Mass Ion
Fragment
E xpelled
1 ,8 -D ia z a -
flu orenon e
lt,5 -D iaza -
fluorenone
1 ,10-Phenanthro- 
l i n e - 5 , 6-quinone
It, 7 -Phenanthro l i n e -  
5 »6-quinone
182 CnH6N20 100 100 10 oa 100*
182 to  15U Cioh6^2 CO 76.lt ^ 9.5 UU.9 9^.7
15b to  128 C8H4N2 c2h2 67 .6 1 8 .5 2 0 .1 53 .9
15*t to  127 C9H5IJ HCN 1 6 .2 1 9 .2 13.lt 23 .2
128 to  101 C7H3H HCN 2 2 .2 3 .5 1 2 .1 1 9 .3
127 to  100 c 0h4 HCN 22.0 16 .9 llt .lt 1 6 .9
101 to  77 CsH^N C2 19 .8 9 .9 1 2 .8 1 3 .0
100 to  76 CeHif C2 2U.2 1 5 .5 lit .0 12 .9
Ca) 210 (M+ , 9 . 9 );  Cb) 210 CM+ , 3 2 .1 ) .
-t-<j0
Table I.B.
Mass Spectra Data fo r  Azaphenanthrene D er iv a tiv es
R e la tiv e  I n t e n s i t ie s
Fragment
Mass Iori E xpelled 1-A zafluorenone 3-P h en y lp yrid in e-2 , 2 '-d ica rb o x cy c lic
101 c 12h7no 100 io o a
101 to  153 cu h7n CO 50.8 51.6
153 to  127 C9H5N c2h2 1 7 .3  • 16 .5
153 to  126 CioHe HCN 16 .1 16 .7
127 to  100 C8H1+ HCN 10.9 8 .6
126 to  96 CeH2 c 2h2 6 .2 3 . It
100 to  76 c 6h4 c2 l i t . 7 8 .5
98 to  7^ c 6h2 C2 1 3 .8 6 .1
U )  197 (M+ . - 2 8 , 60) .
8.1*1 ( s ,  6~arom-H, 1H ), 8 .7 5  Cdd, t-arom -H , J = 8 .5 , 2 .0  Hz, 1H ), 9 .17  
Cm, 2,9-arom -H , 2H)j MS (70 e /v )  m/e 226 (M+ , 66%),  179 (M+ -  1*7,
100^ ), 167 CM+ -  59, 20%), 152 (M+ -  7 1*, 23$ 1, 135 (1 2 $ ) ,
The pH o f  th e  f i l t r a t e  was a d ju sted  t o  c a . 9 v i t h  ION sodium  
h yd rox id e, th en  th e  s o lu t io n  was co n cen tra ted  t o  about h a l f  i t s  volume 
and e x tr a c te d  w ith  chloroform  (3 * 50 mL). The ccanbined organ ic  
e x tr a c t  was d r ied  over anhydrous magnesium s u l f a t e  and con cen tra ted  in  
vacuo t o  a ffo r d  a y e llo w  s o l i d ,  which was r e c r y s t a l l i z e d  from aceton e  
t o  g iv e  1*, 5-d ia z a f  lu o r e n -9-o n e , as y e llo w  n e e d le s :  1*7 mg ( 5$ ) ,  mp
211cC,
9-M ethyl ~ l -a z a f  lu o r  e n -9 - o l  (9-M ethyl-9H -indeno[ 2 1 -b ]p y r id in -9 -  
o l)  (1Q 7). To a s t ir r e d  s o lu t io n  o f  methylmagneslum bromide (2 .8  M in
d ie th y l  e th e r ,  0 .1  mL, 0 .28  mmol) in  anhydrous THF (5 mL), a s o lu t io n
o f  l-a z a f lu o r e n -9 -o n e  (50 mg, 0 .2 7  mmol) in  anhydrous THF (10 mL) was 
added dropw ise a t 0°C over 10 m in u te s , th en  s t ir r e d  a t room tem perature  
fo r  1 .5  h o u rs. The r e a c t io n  was quenched w ith  w ater (15 mL) and th e
m ixture e x tr a c te d  w ith  ch loroform  (3 x 20 mL). The combined e x tr a c t
was washed w ith  a sa tu ra ted  s a l t  s o lu t io n  (30 mL), d r ied  over anhydrous 
magnesium s u l f a t e  and co n cen tra ted  in  vacuo t o  a f fo r d  a y e llo w  s o l id  
(1*3 m g), which was chromtographed (ThLC) e lu t in g  w ith  e th y l a c e t a t e -  
cycloh exan e (3 :1 ) t o  g iv e  9-m e th y l- l-a z a f lu o r e n -9 - o l , as a near  
c o lo r le s s  s o l id :  32 mg (5 9 $ );  mp ll*9-152°C ; NMR (CDCI3 ) 6 1 ,7 8  ( s ,
-CH3 , 3H ), 1*.50 ( s ,  -OH, 1H ), 6 .9 2 -7 .9 5  (m, arom-H, 6h ) ,  8.1*3 (dd, 
2-arom-H, J = 5 .0 , 1 .5  Hz, 1H ); IR (KBr) 3250 , 3010 , 1610 , lU 8 0 , ll*30, 
1290 , 9l*5 cm- 1 .
k6
9-M ethyl-lt , 5 -d ia z a f lu o r e n -9 - o l  (5 -M eth y l-5H -cyclop en ta[ 2 .  1 -b : 3 ,  **- 
~bt]d lp y r id in -9 " Q l) (1 0 5 ) . An anhydrous THF s o lu t io n  (25 mL) o f  *t,5- 
d ia z a f lu o r e n -9-on e (.150 mg, 0 ,27  mmol) vas trea ted , w ith  sodium h yd rid e. 
The r e s u lt in g  su spension  was s t ir r e d  fo r  5 m inutes under a n itro g en  
atm osphere, th en  f i l t e r e d .  The f i l t r a t e  was added dropw ise to  an 
anhydrous THF s o lu t io n  (10  mL) o f  methylmagnesium bromide (2 ,8  M in  
d ie th y l  e th e r , 0 ,1  mL, 0 ,2 8  mm ol). The r e a c tio n  procedure and work­
up, id e n t ic a l  t o  th e  method p r e v io u s ly  d e sc r ib e d , a ffo rd ed  9-m eth yl-  
l* ,5 -d ia z a flu o r e n -9 “O l, a s  an o f f - w h it e  s o l id :  21 mg (3 9 $ );  mp 182-
18V>C ( l i t . 105 mp 1 8 8 °C ); NMR (CDC13 ) 61 .61  ( s ,  -CH3 , 3H ), It. 68 ( s ,
-OH, 1H ), 7 .0 5  (dd, 2 ,7-arom -H , J = 7 .5 , 5 .0  Hz, 2H ), 7 .7 7  (dd , 1 ,8 -  
arom-H, J = 7 -5 , 1 .5  Hz, 2H ), 8 .3 1  (d d , 3,6-arom -H , J = 5 .0 , 1 .5  Hz, 2H);
IR (KBr) 3^00, 2950, 1610 , 1 U2 0 , 1 2 7 5 , 1110, 9^5 cm"1 .
9 -M e th y l- l ,8 -d ia z a f lu o r e n -9 -o l  (9 -M e th y l-9 H -c y c lo p e n ta [l .2 -b :k .3 -  
b 1] d ip yrid in - 9 - o l )  (1 6 6 ) . l ,8 -D ia z a f lu o r e n -9 -o n e  (30  mg, 0 .1 6  mmol) 
in  an anhydrous THF s o lu t io n  (10 mL) v a s  tr e a te d  f i r s t  w ith  sodium 
h yd rid e, th en  r e a c te d  w ith  methylmagnesium bromide (2 .8  M in  d ie th y l  
e th e r , 0 ,1  mL, 0 .2 8  mmol) fo llo w in g  th e  procedure p r e v io u s ly  d escr ib ed . 
Standard work-up a ffo rd ed  9 -m eth y l- 1 , 8 -d ia z a f lu o r e n - 9 - o l ,  a s  a 
y e llo w is h  s o l id :  9 mg (2 7 $ );  mp 191t-197°C; IR (KBaO 3250 , 2950, 1690 ,
11*75, 1^25, 1260 cm"1 .
Attem pted and S u c c e ss fu l P rep a ra tio n s o f  A c e ty le n e -D io ls . Method 
A. A cetylenebis(m agnesium  brom ide) . 7-10 To magnesium tu rn in g s  (270  
mg, 11 g-atom ) covered  w ith  anhydrous THF (3 mL), a s o lu t io n  o f  e th y l  
bromide (1 .2  g ,  11 mmol) in  THF (7 mL) was added dropw ise under a
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n itrogen  atm osphere a t  a r a te  t o  s u s ta in  a g e n t le  r e f lu x .  A fte r  th e  
exotherm ic r e a c t io n  had su b s id e d , th e  gray su sp en sion  vas r e f lu x e d  an 
a d d itio n a l 1 .5  h o u rs, a t  which tim e a l l  th e  magnesium had r e a c te d .  
Anhydrous a c e ty le n e ^ 0® vas in trod u ced  through th e  r e a c t io n  m ixture a t  
a slow r a te  fo r  c a . 12 hou rs. A ce ty len eb i s (magnesium brom ide) s lo w ly  
p r e c ip ita te d  as a p u rp le  s e m iso lid .
A s o lu t io n  o f 9~ flu oren on e (2  g ,  11 mmol) in  THF (20 mL) was 
added and th e  m ixture s t ir r e d  fo r  15 h ou rs. At th e  end o f  t h i s  p e r io d ,  
th e  r e a c t io n  was quenched w ith  c o ld  2N h yd roch lor ic  a c id  (25 mL), and 
then th e  s o lu t io n  was n e u tr a liz e d  w ith  5N sodium h yd roxid e. The aqueous 
suspension  vas f i l t e r e d  to  remove a p r e c ip i t a t e ,  which was r e c r y s t a l ­
l i z e d  fo r  m ethanol-w ater t o  g iv e  9 , 9 1-e th y n y len eb i s - 9- f lu o r e n o l  (1 2 ) ,  
as c o lo r le s s  prism s: 174 mg ( 6# o v e r a l l ) ;  mp 233-236°C ( l i t . 9 mp
238°C); NMR (CTC13 ) 6 3 .4 7  ( s ,  -OH, 2H ), 6 .9 5 -7 .4 5  (m, arom-H, 16h ) ;
IR (KBr) 3400, 3365, l 6 l 0 ,  1455 , 1205 , 1 0 5 0 , 945, 775 , 745 cm"1 ; MS 
(70 e /v )  m /e l 8l  (C13H90 ,  1 0 0 # ), 180 (CI 3H80 , 2 8 .5 # ) ,  152 (C12H8 , 5 2 .2 # ) ,  
126 (C i0H6 , 3 .4 # ) ,  76 ( c 6Hij., 5 .7 # ) .
A nal. C alcd, fo r  C2sHi80 2 : C, 87.05', H, 4 .6 6 , Found: C, 8 6 ,8 2 ;
H, 4 .9 3 .
The f i l t r a t e  was e x tr a c te d  w ith  chloroform  (3 * 30 mL). The 
combined org a n ic  e x tr a c t  was washed w ith  a sa tu ra ted  s a l t  s o lu t io n  
(40 mL), d r ie d  over anhydrous sodium s u l f a t e ,  and con cen tra ted  in  vacuo  
to  a ffo rd  a s o l id  r e s id u e , which was chromatographed (ThLC) e lu t in g  
w ith  e th y l a c e ta te -c y c lo h e x a n e  (1 : 5 ) t o  a f fo r d , a lon g  w ith  unchanged 
9-flu oren on e  (1 ,2  g ) ,  and 9 , 9 -e th y n y le n e b is -9 - f lu o r e n o l (90 m g),
1*8
Method. E. 12 Sodium A c e ty l id e  gen era ted  from S od iu m -B ip h en yl. 
Sodium (250 mg, 0 ,0 1  g -a tom ) was added t o  an anhydrous d im ethoxyethan e  
I (DME), (200 mLl] s o lu t io n  o f  "biphenyl (1 .7  g* 11 mmol) and s t ir r e d  
under an argon atm osphere f o r  2h h o u rs, r e s u l t in g  in  a b lu e  s o lu t io n ,  
Anhydrous a c e ty le n e 107 was bubbled  th rough th e  b lu e  s o lu t io n  u n t i l  
a l l  t r a c e s  o f  c o lo r  had d is s ip a t e d  and o n ly  a c o l o r l e s s  s lu r r y ,  sodium  
a c e t y l id e ,  rem ained.
A DME 0*0 mL) s o lu t io n  o f  1*, 5 -d ia z a f  lu o r  enone ( 1 .8  g ,  10  m m ol), 
tr e a te d  w ith  sodium h yd rid e  and f i l t e r e d ,  was added t o  th e  sodium  
a c e t y l id e  s o lu t io n  and r e f lu x e d  fo r  H h ou rs, The r e a c t io n  was c o o le d  
and poured in to  i c e  c o ld  2N h y d ro c h lo r ic  a c id  (100 mL), th en  q u ic k ly  
n e u tr a liz e d  w ith  5N sodium h y d ro x id e . The su sp en s io n  was f i l t e r e d  t o  
remove a gray p r e c ip i t a t e  ( 2 .3  g ) , which was washed w ith  w a ter . T his 
gray p r e c ip i t a t e  v a s  s lu r r ie d  in  h o t chloroform  and f i l t e r e d  t o  a f fo r d  
9 ,9 * -e th y n y le n e b i s - U, 5- d ia z a f lu o r e n -9- o l  (1 1 ) ,  a s  a r e d d is h , in s o lu b le  
( in  m ost organ ic  s o lv e n t s )  s o l id :  810 mg (35fS); mp 3 2 6 °C (d ec ); KMR
CF3CCO2H) 6 8 .0 5 -8 ,5 0  (hm, 2 ,7 -arom -H , k u ) , 8 ,6 9 -9 -2 5  (bm, 1 , 3 , 6 , 8 -  
arom-H, 8H); IE (KBr) 3300 t-O H ), 1 5 9 0 , 1 5 6 0 , ll+00, 12l*0, 1100 cm- 1 .
A n a l. C alcd . fo r  C2itH17Ni+0 3 : C, 6 9 .0 6 ;  H, 1*.08; N, 1 3 .b$.
Found: C, 6 9 .3 7 ; H, 3 .8 6 ;  N , 1 3 -1 5 .
The ch loroform  f i l t r a t e  was d r ie d  over anhydrous sodium s u l f a t e  
and co n cen tra ted  in  vacuo t o  a f fo r d  b ip h e n y l, a s  a  y e l lo w is h -w h it e  
s o l id :  1 .3  g ,  mp 63-65°C ,
The i n i t i a l  f i l t r a t e  was co n cen tra ted  t o  h a l f  th e  o r ig in a l  volum e 
and e x tr a c te d  w ith  ch loroform  (3  * 75 mL), The combined e x tr a c t  was 
d r ied  over  anhydrous sodium s u l f a t e  and co n cen tra ted  in  vacuo t o  a f fo r d
unchanged h , 5 -d ia z a f lu o r e n o n e ; 600 mg, mp 209-210°C .
Method C. Sodium A c e ty lid e  g en era ted  from Sodium Amide and 1 ,2 -  
Dibrom oethane. 13 A s o lu t io n  o f  1*,5 -d ia za flu o r en o n e  (3 g , l 6 mmol),
1 ,2 -dibrom oethane (.700 mL, 8.1+ mm ol), and sodium amide (3 .2  g , 8 2 ,5  
mmol) in  hexam ethylphosphorus tr ia m id e  IHMPT, 1+0 mL] was s t ir r e d  a t  
6o°C under a n itro g e n  atm osphere fo r  17 h ou rs. A fte r  c o o lin g , th e  red  
m ixture was poured onto i c e  (200 g ) and th e  su sp en sio n  was n e u tr a liz e d  
w ith  con cen tra ted  h y d ro ch lo r ic  a c id . The red  s lu r r y  was f i l t e r e d  and 
f i l t r a t e  e x tr a c te d  w ith  ch loroform  (3  x 200 mL). The combined e x tr a c t  
was washed w ith  a sa tu r a te d  s a l t  s o lu t io n ,  d r ie d  over anhydrous sodium  
s u l f a t e ,  and co n cen tra ted  in  vacuo t o  a ffo r d  a b la c k  p a s t e ,  which was 
d ried  in  vacuo fo r  12 h ou rs. The combined s o l id  r e s id u e  was chromato­
graphed (ThLC) e lu t in g  w ith  aceton e-m eth an ol t o  a f f o r d , a long  w ith  
■unchanged 1+ ,5-d ia z a f lu o r e n o n e , t r a c e s  o f  9 , 9 ' -e th y n y le n e b i s - H, 5- d ia z a -  
f lu o r e n -9- o l .
Method D. Lithium  A c e ty lid e  E th y len ed iam in e . 1 ** A cety len e106 was 
bubbled in t o  an anhydrous THF (125 mL) s o lu t io n  o f  N - l i t h io e t h y le n e -  
diam ine (33 g ,  0 ,5  m ol) under an argon atm osphere. A fter  6 h ou rs, th e  
a c e ty le n e  f lo w  was stopp ed  and hexane (250 mL) was added t o  th e  o f f -  
w hite  s lu r r y . The r e a c t io n  m ixture was q u ic k ly  p la c e d  in s id e  a g lo v e -  
bag which was f lu sh e d  w ith  argon , and f i l t e r e d  t o  remove a p r e c ip i­
t a t e ,  which was th en  washed w ith  hexane t o  a f fo r d  lith iu m , a c e t y l id e  
eth y len ed ia m in e , as a ta n  s o l id ;  32 g (JOJS).
To a s lu r r y  o f  l ith iu m  a c e t y l id e  e th y len ed ia m in e  (1 .5 ^  g ,  1 6 ,7  
mmol) in  anhydrous p -d io x a n e  (15 mL), a s o lu t io n  o f  9 -fln o ren o n e  (3  g ,
Table I I
P re p a ra tio n  o f  A ce ty len e-D lo la
Method o f  G en era tin g  R eaction
S u b s tra te  (g . mmol] M etal A c e ty lid e  (g . mmol) T in e , h r  a . Tem perature S o lven t
9-F luorenone (2 g , A: EtBr C1 .2  g , 11 mmol)
11 nm ol] Mg (270 mg, lln m o l) 30 r . t . a DEE
b , 5 -D la ta flu o ren o n e  
(3 -7  S . SO m oal]
A: EtB r (2 .2  g , sm ol) 
Mg (U90 n g , 20 m o l ) 23 r . t .® THF
U, 5 -D la ra flu o ren o n e  
(500 teg, 2 .7  m o l ]
A; EtB r (300 mg, 27 mmol) 
Mg (70 mg, 2 .7  sm ol) 6 r . t . ® THF
1), 5 -D ia ta f  lun renone 
(1 .3  g ,  7 sm ol)
A: E tB r (1 .2  g ,  11 nmol) 
Mg (260 mg, U  nasoi) 12 r . t . 0. THF
9 -F luo recone 
(5 g ,  27 sm ol]
3: Ha (6b0 mg, 27 mmol) 
b ip h en y l (fc .i g ,  26 sm ol) 1> re f lu x THF
9-F luorenone 
(5 g , 2T sm ol)
B: Ha (6U0 n g , 27 sm ol) 
b ip h en y l (*t.6 g ,  26 sm ol) 6 .5 r e f lu x THF
9-F luorenone 
(5 g , 27 nmol)
Bt Na (6b0 mg, 27 sm ol) 
b ip h en y l ( I t . i  g , 28 mmol) 2 re f lu x DME
!*,5-D iatafTuorenone 
(1 .6  g , 10 mmol)
B: Ha (£50 mg, 10 sm ol) 
b ip h en y l (1 .7  g , 11 m sol) 2 r e f lu x DME
1-A taflu o ren o n e  
(1 .3  B. 7 sm ol]
B: Ha (250 mg, 11 mmol) 
b ip h en y l (2 g ,  13 sssol) It r e f lu x DME
S p ec ia l 
A d d itio n s  P roduc t
fused  
s u b s t r a te  H.H.
9 ,9 ’-E th y n y len e b ln -9 - r lu o re n o l  (6JE)
H.H.* '
H.B.b 
b
H.H.b
  9 .9 '-E tlg D y le p e b l s - 9 - f lu o re n o l (71)
  9,9'-Ethynyleneb ls -9-flucreaol (191)
substrate
trea ted  9 .9 '-Ethynyleneb ls -h . 5-dlasafluoren-9-ol
CaHj (3515
H.R.b
VJ1O
T able  I I  (C on tinued].
Method o f  G enera ting R eaction S p e c ia l
S u b s tra te  ( « . m o l )  M etal A c e ty lid e  ( it. m o l )  T in e , h ra . T em perature S o lv en t A d d itio n s  P roduc t
1 , 5 -D ia ta flu o ren o n e  
(3 g ,  16 .5  nmol)
9-Fluorenone 
(3 8 ,  1 .7  m o l
9-Fluorenone 
(5 S t aT mmol)
ct KaMjt Ca.aa g, aa.s
nm ol), d lb ro ao e tb an e  
(0 .7  mL, B.b nmol)
D: (1 .5 1* S> 1 -7  mmol)
D: (2.5 s, 27.3 mnoll
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a
6d°c
r e f l u r
r . t . 8.
Excesa 
HMPT K0HE2
p -d lo x an e  -----
benzene -----
9 .9 -E th rn y le n e M e - k-
( .tra c e s)
tT.R,b
R.R.
5 -d ia ra f lu o re n o n e
(a )  Fooa Tem perature*
(b ) No r e a c t io n ,  unchanged s t a r t i n g  m a te r ia l  iso la te d *
(c )  H exaaethylphosphom a t r lo n id e  added to  enhance s o lu b i l i t y  o f  su b s tra te *
THF * te t r c h d ro fu ra n  
CMS ■ d ls c th y le tb a n e
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1 6 ,7  mmol) in  p -d io x a n e  0+0 mL) vas added dropw ise under an argon atmo­
sp h ere . An imm ediate exotherm ic r e a c t io n  occu rred  and th e  r e s u lt a n t  
black, m ixture was r e f lu x e d  fo r  2 h o u rs . Upon c o o l in g , th e  r e a c t io n  mix­
tu re  was poured in t o  a c o ld  m ixture o f  d ie t h y l  e th e r  G20 mL)-2N hydro­
c h lo r ic  a c id  (1+0 mL) w ith  v ig o ro u s  s t i r r in g .  The la y e r s  w ere sep arated  
and th e  aqueous la y e r  e x tr a c te d  w ith  e th er  G3 x 50 mL) . The combined 
o rgan ic  p o r tio n  was washed w ith  an aqueous s o lu t io n  o f  10$ sodium  
b ica rb o n a te , d r ied  over anhydrous magnesium s u l f a t e ,  and co n cen tra ted  
in  vacuo t o  a ffo r d  an orange s o l id  r e s id u e  (2 .5  g ) ,  w hich v a s  r e c r y s t a l ­
l i z e d  from m ethanol-w ater to  a ffo r d  unchanged 9 -f lu o r e n o n e : 2 ,3  g ;
mp 68- 72° C.
1 .l+ -b isB ip h en y len eb u ta tr ien e  ( 1 3 ) . D iphosphorus t e t r a io d id e 7 *2 i
C970 mg, 1 .7  mmol) was s lo w ly  added in  sm all p o r tio n s  t o  a v ig o r o u s ly
s t ir r e d  b en zen e-p y r id in e  [ ( l : l ) ,  6 mL] s o lu t io n  o f  9 , 9 1-e th y n y le n e -
b ia - 9 - f lu o r e n o l  (630 mg, 1 .6  mmol) a t  8°C. An im m ediate r e a c t io n
occurred producing a red  s o lu t io n  th a t  was s t ir r e d  fo r  18 hours under
a n itr o g e n  atm osphere. The r e a c t io n  m ixture was poured in to  an aqueous
s o lu t io n  o f  10$ sodium t h io s u l f a t e  (10  mL), th e n  benzene (15 mL) was
added. A red  p r e c ip i t a t e  (1+0 mg) was c o l le c t e d  by f i l t r a t i o n ,  washed
w ith  w ater (3 mL) and e th a n o l (3 mL), th en  r e c r y s t a l l i z e d  from x y le n e
t o  g iv e  l,l+ -b isb ip h e n y le n e b u ta tr ie n e , as red  n e e d le s :  20 mg (!+$}',
mp 309-311°C , ( l i t . 9 mp 3 l6 °C ); UV (EtOH) X 1+38 nm Ge 1 .7  * 10G) .m&x
The mother l iq u o r  was co n cen tra ted  t o  dryn ess t o  a f fo r d  an 
u n id e n t i f ie d  b la ck  s o l id .
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Attem pted P rep ara tion  o f  l Tl* -b is ( l)ia za b ip h en Y len e )b u ta tr ien e .
9 ,9 ' -E tb ynylene b i s - H, 5 -d ia z a f lu o r e n -9 - o l  Cl03 mg, 0 ,2h  mmol) in  benzene- 
p yrid in e  I ( l : l ) ,  10 mLj was tr e a te d  w ith  diphosphorus t e t r a io d id e  ( l l *8 
mg, 0 .2 6  mmol) in  a manner analogous t o  th e  procedure p r e v io u s ly  
d escr ib ed .
The f i l t e r e d  m a te r ia l a ffo rd ed  unchanged s ta r t in g  m a te r ia l:  85
mg; mp 3 1 3 -3 l6 °C ,
R eaction s o f  Aromatic and H eteroarom atic Ketones w ith  Low V alen t 
T itanium . b is (F lu o r e n y lid e n e ) ' ( 23.). 22 A s o lu t io n  o f  t ita n iu m  t r i c h l o ­
r id e  (6 .U g ,  1*1.5 mmol,' 2 .5  e q u iv .)  in  anhydrous THF (60 mL) was tr e a te d  
w ith  lith iu m  aluminium hydride (630 mg, l 6 .6  mmol, 1 e q u iv .)  tinder a 
n itrogen  atm osphere. An immediate exotherm ic r e a c t io n  occu rred  t o  
produce a b la ck  s lu r r y ,  which was s t ir r e d  fo r  10 m in u tes, A s o lu t io n  
o f  9 -flu o ren o n e  ( 3 .0  g ,  1 6 .6  mmol) in  anhydrous THF (30 mL) was added, 
th en  th e  m ixtu re  was r e f lu x e d  fo r  U h ou rs. A fter  c o o lin g  th en  quenching 
w ith  w ater (50 mL), th e  b lack  m ixtu re was ex tr a c te d  w ith  d ie t h y l  e th er  
(3 * 100 mL). The combined organ ic  e x tr a c t  was washed w ith  a sa tu ra ted  
s a l t  s o lu t io n , d r ie d  over anhydrous sodium s u l f a t e ,  and con cen tra ted  
in  vacuo t o  a f fo r d  an orange s o l id  (2 ,3  g ) , which was r e c r y s t a l l i z e d  
from petroleum  e th e r -d ie th y l  e th e r  t o  g iv e  b i s ( f lu o r e n y l id e n e ) , as red  
n eed les: 2 .2  g (8l $ ) ;  mp l8l*-l85°C  ( l i t . 108 mp l8 9 -1 9 0 °C ); HMR (CDC13 )
6 6 .9 5 -7 .^ 5  (m, 8H ), 7 .5 5 -7 .8 0  (m, HH), 8 .2 0 -8 .5 0  (m, 1 , 8-arom-H, kE) .
T etrap h en yleth en e (2 3 ) . 22 To a s lu r r y  o f  t ita n iu m  t r i c h lo r id e -  
l ith iu m  aluminium hydride (2 .5  e q u iv . / I  e q u iv , , 2 7 ,3  mmol/1 0 , 9 mmol) 
in  anhydrous THF (60 mL), benzophenone (2 ,0  g ,  1 0 ,9  mmol) was added,
and th en  r e f lu x e d  fo r  ^ h o u rs . The r e a c t io n  vas quenched (H2O) and 
vorked-up as  d e sc r ib e d  above t o  a f fo r d  a c o lo r l e s s  s o l id  C l.9 g ) ,  v h ic h  
vas r e c r y s t a l l i z e d  from petro leum  e t h e r - d ie t h y l  e th e r  t o  g iv e  t e t r a -  
p h eu y le th en e , as c o lo r l e s s  c r y s t a l s :  1 ,5  g (8 2 /0 ;  mp 220-221°C  ( l i t , 109
mp 220°C ); NMR (CDC13 ) 6 7 .0 5  ( s ) .
E & Z - l,2 -D ip h e n y l-1  ,2 - b i s ( 3  l - -p y r id y l)e th en e  ( 1 1 5 ) . To a  s lu r r y  o f  
t ita n iu m  t r ic h lo r id e - l i t h iu m  alum inium  h yd rid e ( 2 .5  e q u iv . / I  e q u iv . ,
2 7 .5  m m o l/ll mmol) in  anhydrous THF (30  m l) ,  3 -b e n z o y lp y r id in e  ( 2 .0  g ,
11 mmol) vas added, th en  th e  s o lu t io n  vas r e f lu x e d  fo r  12 h ou rs. The
r e a c t io n  m ixtu re  v a s  c o o le d , quenched v i t h  a sa tu r a te d  s o lu t io n  o f
aqueous p otassiu m  carb on ate  (50 m l ) , and f i l t e r e d  th rou gh a C e l i t e  pad, 
Both th e  s a l t s  and f i l t r a t e  v e r e  vash ed  and e x tr a c te d  v i t h  d ic h lo r o -  
methane (3 * 50 m l) .  The com bined o rg a n ic  e x tr a c t  vas vash ed  v i t h
v a te r  (50  m l) , d r ie d  over  anhydrous sodium s u l f a t e  and co n c en tr a ted  in
vacuo t o  a f fo r d  a  y e l l o v i s h  s o l i d  (.1 ,7 8  g ) ,  v h ich  vas chrom atographed  
(ThLC) e lu t in g  v i t h  e th y l  a c e t a t e  t o  g iv e  unchanged s t a r t in g  m a te r ia l  
and th e  fo l lo w in g  f r a c t i o n s :
F r a c tio n  A gave E - l ,2 - d ip h e n y l - 1 ,2 - b i s (3 '-p y r id y l)e th e n e  (E-11J5), 
as c o lo r l e s s  c r y s t a l s  from e th e r -a c e to n e :  2U0 mg (1350; 202-203°C ;
HMR, F igu re  1 ; IR (KBr) 1 5 6 3 , 1^ 92 , lE lU , 1030 cm"1 ; MS (70  e /v )  m /e  
33h (M+ , 1 0 0 # ) , 256 (M+ -  7 8 , 6 1 # ) , 166 (M+ -  1 6 8 , 3k%) , lU 8 (M+ -  1 8 6 , 
3150a 129 ( W l .
A nal. C alcd . fo r  C24H1QH2 : C, 8 6 .2 3 ;  H, 5 .3 8 ;  N, 8 .3 8 , Found:
C, 8 6 , 0U; H, 5 .6 2 ;  N, 8 .0 1 .
F r a c tio n  B a ffo rd ed  Z - l , 2 - d ip h e n y l - l ,2 - b i s ( 3 ' - p y r id y l ) ethen e (Z - 
1 1 5 &s a near c o lo r l e s s  s o l i d  from  d ie t h y l  e th e r -a c e to n e :  3^0 mg (1 8 #)
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mp 1 9 9 -2 00°C; MMR F igu re  2 ;  IR (KBr) 15 6 3 , ll*92 , ll* ll* , 1030 cm"1 ; MS 
(70 e / v l  m /e 331* (ji+ s 100*)., 256 (M+ -  7 8 , 86* ) ,  166  (M+ -  1 6 8 , 76* ) ,  
l l *8 (M+ -  1 8 6 , 1*1**), 129 (2 5 * 1 .
A n a l. Calcd. fo r  C2 itHi8M2 : C, 8 6 .2 3 ;  H, 5 .3 8 ;  N, 8 .3 8 .  Found:
C, 8 6 .1 5 ; H, 5 .53 ; N, 8 . 1 6 .
R eaction  o f  Phenyl 2 -F y r id y l  K etone w ith  Low V a len t T ita n iu m . 
R eaction  A. To a s lu r r y  o f  t ita n iu m  t r ic h lo r id e - l i t h iu m  aluminium  
hyd rid e £2 .5  e q u iv . / l  e q u i v . , 1*1,0 mmol/1 6 . 1* m m ol), a THF £30 mL) 
s o lu t io n  o f  phenyl 2 -p y r id y l k e to n e  £3 g» l 6 .U mmol) was added. A fte r  
r e f lu x in g  fo r  12 h o u rs , th e  r e a c t io n  was c o o le d , quenched w ith  a  
sa tu r a te d  s o lu t io n  o f  aqueous p otassiu m  ca rb o n a te , and worked-up as  
d e scr ib ed  above t o  a f fo r d  a  y e l lo w  o i l  £3 .0  g ) ,  w hich  s o l i d i f i e d  on 
s ta n d in g , and was r e c r y s t a l l i z e d  from petroleum  e t h e r - d ie t h y l  e th e r  t o  
g iv e  p h en y l£2-p y r id y l)m e th a n o l (122a ) ,  a s  p a le  y e l lo w  c r y s t a l s :  2 .8  g
£935S); mp 7 2 -7 1*°C ( l i t . 110 mp 7 8 -7 9 °C ); NMR £CDC1 3 ) 6 5.**3 I s ,  -OH 
(exchanged w ith  D20 ) ,  1H] , 5 .7 3  ( s ,  CH0H, 1H ), 6 .9 0 - 7 .65  £m, 8H ),
8.1*2 (ddd, 6-pyr-H , J = 5 .0 , 2 . 0 ,  1 . 9  Hz, 1H ).
R ea ctio n  B. P h en y l.-2 -p y r id y l k e to n e  £2 .0  g ,  11 mmol) was added 
t o  a  THF s lu r r y  o f  t ita n iu m  t r ic h lo r id e - l i t h iu m  alum inium  h yd rid e  
£2.5 e q u i v . / l  e q u iv . ,  2 7 ,5  m m o l/ll  m m ol). A fte r  w ork-up , a y e llo w  
s o l id  £ l . 1*2 g ) was i s o la t e d  and was chrom atographed CThLC) e lu t in g  
w ith  e t h y l  a c e ta te  t o  g iv e  a s  th e  m ajor product t p h en y l£2- p y r id y l ) -f
m ethanol (mp 72-7l*°C ), unchanged s t a r t in g  m a t e r ia l ,  and 1 , 2 -d ip h e n y l-
1 , 2- b i s £2 1 -p y r id y l)e th a n e  (.123a 1 as a  near c o lo r l e s s  s o l i d  from  e th a n o l:  
110 mg, £6*1; mp 237-239°C  ( l i t , 111 mp 2l*l*-2l*5°C); MMR (CDCI3 ) 5 5 .3 1  
£ s , b en zy l-H , 2H ), 6 .7 5 - 7 .6 3  (m, p y r -  and phe-H , 8h ) ,  8.1*5 £ddd, 6-
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pyr-H, J=l*.5, 2 .0 ,  1 .5  Hz, 2H).j MS C70 e /v )  m/e 336 (M+ , 28%), 258 
(M+ -  7 8 , 215?), 2U6 (M+ -  1 9 6 , 72#}., 168 (M+/ 2 ,  1005?), 139 (M+ -  1 9 7 , 
33%).
A n al. Calcd. fo r  02^ 20^2 * 0 , 8 5 .7 2 ; H, 5 .9 5 ; N, 8 .3 2 .  Found:
C, 85.1*7; H, 5 .9 1 ; N, 8 . 6 6 .
Method A. R eaction  o f  b is ( 2 - p y r id y l)  Ketone v i t h  Low V alen t  
Titanium . To a s lu r r y  o f  t ita n iu m  tr ic h lo r id e - l i t h iu m  aluminium  
hydride (2 ,5  e q u iv . / I  e q u iv , ,  2 7 ,3  m m ol/10.9 mmol) in  anhydrous THF, 
h i s (2 -p y r id y l)  ketone (2 .0  g ,  1 0 .9  mmol) was added. A fte r  r e f lu x in g  
fo r  12 h o u rs , th e  "black m ixtu re  was worked-up as d e scr ib e d  above t o  
a ffo rd  a p a le  y e llo w  o i l  (1.1*5 g ) ,  which was chromatographed (ThLC) 
e lu t in g  w ith  aceton e t o  g iv e ,  a lon g  w ith  unchanged s t a r t in g  m a t e r ia l ,  
th e  fo llo w in g  fr a c t io n s :
F ra ctio n  A gave b i s (2 -p y r id y l)m eth a n o l (1 2 2 b ), as a c o lo r l e s s  o i l :  
680 mg ( 3 W ;  bp 138-ll*0°C ( l .k  mm) [ l i t . 112 bp 110~112°C ( l  mm)]; MMR 
(CDCI3 ) 6 5 .9 5  I s ,  CH0H (-0H p a r t ia l ly  exchanged w ith  D2O ), 2H] , 6 ,8 0 -
7 .0 5  (m; 5-pyr-H , 2H ), 7 ,1*0-7.65 Cm, 3,l*-pyr~H, 1*H), 8,1*5 (ddd, 6-p y r -  
H, J=l*,5, 1 . 5 ,  0 .9  Hz, 2H ); IR (n ea t)  3250 (b r , OH), 1 5 7 5 , ll+25 cm"1 .
F ra c tio n  B a ffo rd ed  a b e ig e  s o l id :  18 mg (< 1 # ); mp 112-117°C
MMR (CDCI3 ) 6l*,35 ( s ,  CH, 2H ), 6 .9 5 -7 .7 3  (m, pyr-H , 8H ), 8 .5 5  Cddd,
6-pyr-H , J=1*.0, 2 .0 ,  1.0" Hz, 2H ); MS (70 e /v )  m /e 370 (M+ , 6# ) ,  3l*3 
(M+ -  2 7 , 1*#), 335 (M+ -  3 5 , 1*%), 262 (M+ -  1 0 8 , 3 2 # ) , 181* (M+ -  1 8 6 , 
1*6#), 170 (C nH ^M z, 6 3 # ) , 78 (CsH^N, 1 0 0 # ).
Method b . 26)27 R eaction  o f  b is (2 ~ P y r id y l)  K etone w ith  Low V alen t  
Titanium . Sodium (2,1* g ,  1*.8 e q u iv .)  was added t o  a s lu r r y  o f
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t  i t  an t ium t r i c h lo r id e  (3 .3 5  g> 1 . 5  e q u iv .)  in  anhydrous d im ethoxy-  
ethane (DME, 6 5 mL) under an argon atm osph ere. A fte r  r e f lu x in g  fo r  
20 h o u rs, b i s ( 2 - p y r id y l)  keton e (1+.0 g ,  22 mmol), in  DME m s  added  
d rop w ise. The m ix tu re  was s t i r r e d  and r e f lu x e d  fo r  18 h o u rs , and th en  
co o led  and quenched w ith  a sa tu r a te d  s o lu t io n  o f  aqueous p otassiu m  
carb onate. F o llo w in g  th e  above work-up p r o ced u re , an orange o i l  (3 .2 0  
g ) was i s o la t e d  and chrom atographed (ThLC) e lu t in g  w ith  a ce to n e  t o  
a ffo rd  unchanged s t a r t in g  m a te r ia l ( 1 .8  g ,  1*5$) and b i s ( 2- p y r id y l ) -  
m ethanol (l2 2 b ) a s  a c o lo r l e s s  o i l :  2 .0  g  (505?); bp lU 0-ll*2°C  (2  mm).
b i s (1*.5-D ia z a f lu o r e n y lid e n e ) (.IQ) . A s o lu t io n  o f  l* ,5 -d ia z a -
flu oren on e ( l  g ,  5 .5  mmol) in  anhydrous THF (250  m l) was t r e a t e d  w ith
calcium  h y d r id e , th en  th e  s t ir r e d  m ix tu re  was h ea ted  t o  50°C. The
y e llo w  s o lu t io n  was f i l t e r e d  th en  added d rop w ise  t o  a s lu r r y  o f
tita n iu m  t r ic h lo r id e - l i t h iu m  aluminium h y d r id e  ( 2 .5  e q u i v . / l  e q u iv , ,
1 3 .7  m m ol/l mmol). A fte r  r e f lu x in g  f o r  12 h o u rs , th e  r e a c t io n  m ix tu re
v a s  vorked-up as d e sc r ib e d  above t o  a f fo r d  a r e d d ish  r e s id u e  ( 1 . 0  g ) ,
which was column chrom atographed e lu t in g  w ith  e th y l  a c e t a te  t o  g iv e
along w ith  unchanged s t a r t in g  m a te r ia l  (710 m g), b is_ (4 , 5-d ia z a -
f lu o r e n y lid e n e )  d ih y d r a te , a s  c o lo r le s s  p la t e s  from e th a n o l:  180 mg
(2 0 $ ); mp 2 3 0 °C (d ec ); Rf = 0 ,1 7  (e th y l, a c e t a t e ) ;  HMR (CDC13 ) dU.80  I s ,
w ater o f  h y d ration  (exchanged w it h D 20 ) ,  c a . 1*H] , 6 .95-7.1*0 (m5
1 ,2 ,7 ,8 -a ro m -H , 8h ) , 8 .5 5 - 8 .7 5  (d d , 3 ,6 -arom -H , J = 5 .0 , 2 .0  H z, UH);
IR (KBr) 3*190 ( b s ,  H20 ) ,  1 6 2 0 , 1395 cm"1 ; UV (EtOH) X 291 ( e 2 .8  xmax
10 5 ) ;  MS (70 e / v )  m /e 336 (M+ , C22HI 6N2 , 8l $ ) , l 8U (M+ -  1 5 2 , 2 5 $ ) ,
170 M+ -  1 6 6 , 98$ ) ,  169  (C11HaH2 , 100$ ) ,  l l *2 (M+ -  191*, 35$) .
A nal. C alcd . fo r  C22H12If4 . 2H20t C, 7 1 .8 0 ;  H, U .35; N, 1 5 .2 2 .
Found: C, 7 1 .7 6 ;  H, U.03; N, 15.1*4.
R eaction  o f  1 ,8 -D ia za flu o ren o n e  w ith  Low V alen t T itan ium . To a 
s lu r ry  o f  t ita n iu m  t r ic h lo r id e - l i t h iu m  hyd rid e ( 2 ,5  e q u i v . / l  e q u iv . ,
5 .75  m m ol/2.3 mmol) in  anhydrous THF, 1 ,8 -d ia z a f lu o r e n o n e  (U20 mg, 2 .3  
mmol) was added. A fte r  s t ir r in g  1 2  h o u rs, th e  r e a c t io n  was c o o le d ,  
quenched w ith  an aqueous sa tu ra ted  s o lu t io n  o f  potassium  carb on ate  
(15 mL). The r e s u lt a n t  "brown p r e c ip i t a t e  vas removed by f i l t r a t i o n .
The f i l t r a t e  and r e s id u e  were washed e x te n s iv e ly  w ith  ch loroform .
The combined w ashings and e x tr a c ts  were washed w ith  w a ter , d r ie d  w ith  
anhydrous sodium s u l f a t e ,  and co n cen tra ted  in  vacuo t o  a ffo r d  a gray  
s o l id  (320 m g), which was chromatographed (ThLC) e lu t in g  w ith  e th y l  
a c e ta te  to  g iv e  two major f r a c t io n s  and an u n id e n t i f ie d  b la c k  s o l id  
(c a . 80# ) .  .
F ra c tio n  A gave unchanged s ta r t in g  m a te r ia l ,  as a y e llo w  s o l id :  
mp 212-215°C .
F ra ctio n  B a ffo rd ed  o f f -w h ite  m ic r o c r y s ta ls  o f  an u n id e n t i f ie d  
compound: 2 .2  mg (< 1 $ ) ; mp l*43°C (dec); IR (KBr) 3*490, 1 5 7 5 , 1*415,
1100 , 1025, 795 cm"1 ; MS (70 e / v l  m /e 179 16%),  178 (67 5 0 , 177 (100JS), 
1*48 (.61%), 121 (53%).
R eaction  o f  *4,5 -D iaza flu oren on e  and 9-F luorenone w ith  Low V alen t  
T itanium . To a s lu r r y  o f  t ita n iu m  t r ic h lo r id e  and lith iu m  aluminium  
hydride (2 .5  e q u i v , / l  e q u iv . , 2 7 .5  m m o l/ll mmol) in  THF, a m ixtu re o f  9 -  
flu oren on e ( l .O  g ,  5 .5 5  mmol), and h , 5-d ia za flu o ren o n e  (1 , 0  g ,  5 .5 5  
mmol) was added. A fte r  work-up as d escr ib ed  above, a reddish-brow n  
s o l id  (1 ,2 8  g ) was i s o la t e d  and column chromatographed e lu t in g  w ith
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e th y l a c e ta te  t o  g iv e  th e  fo llo w in g  fr a c t io n s :
F ra ctio n  A vas a m ixtu re o f  h i s ( f lu o r e n y lid e n e ) and 9 -f lu o r en o n e ,  
Re chromatography (.ThLC) o f  t h i s  m x itu r e , e lu t in g  w ith  e th y l a c e t a t e -  
cyclohexane ( l ; l ) ,  gave h i s C flu o re n y lid e n e ) ,  as red  c r y s t a l s :  [250 mg
C lW lj mp l8 2 - l8 i i0C] and 9 -f lu o ren o n e  1 500 mg (2 5 $ );  mp 79°C ].
F ra ctio n  B was su b seq u en tly  rechrom atographed (ThLC) e lu t in g  w ith  
e th y l a c e ta te  t o  a ffo rd  1 1 8 , as a monohydrate: 70 mg (h%); mp 279-
282°cCdec)*, NMR (CDCI3 } 6^ .83  I s ,  w ater o f  h yd ration  (exchanged w ith  
D20 ) ,  2H j, 6 .9 5  (m, 10H ), 7 .5 5 - 7 .8 0  (m, UH), 8 . 60- 8 .8 0  Cbd, 3 , 6-  
h e te r o a ry l -H J = l|.5  Hz, 2H); MS C70 e /v )  m /e 332 (M+ , C24H16N2 , 9 5 $ ) ,
180 (M+ -  1 5 2 , 56%),  165 (M+ -  1 6 7 , 1005?}, 163 (M+ -  1 6 9 , 79/?), 168 
(M+ -  l61t, 9 5 $ ) , lU0 (M* -  1 9 2 , hl%).
1 , 8-P ia z a f lu o r e n -9 -o l  C 9H -G yclop en ta [l,2 -h :U ,3 -h 1] d ip y r id in - 9 - o l )  
C l9 ). A. su sp en sion  o f  1 ,8 -d ia z a f lu o r e n -9 -o n e  (215 mg, 1 ,2  mmol) in  
eth an o l (.5 mL) was tr e a te d  w ith  sodium borohydride C^0 mg, 1 .1  mmol) 
then  s t ir r e d  fo r  10 m inutes and r e f lu x e d  fo r  1 m inute. The b la ck  
m ixture was d i lu te d  w ith  w ater (7 mL) and again  r e f lu x e d  fo r  3 m in u te s , 
then  f i l t e r e d .  The f i l t r a t e  was e x tr a c te d  w ith  chloroform  (3 * 10 mL). 
The combined e x tr a c t  was d r ie d  over anhydrous magnesium s u l f a t e  and 
con cen tra ted  vacuo t o  a f fo r d  a y e l lo w  s o l id ,  which was s lu r r ie d  in  
hot aceto n e  and f i l t e r e d  t o  remove a  ta n  powder. T his ta n  powder was 
r e c r y s t a l l i z e d  from 95$ e th a n o l t o  g iv e  l , 8-d ia z a f lu o r e n -9- o l ,  as  
s i l v e r  n e e d le s :  63 mg (3$1; mp l 68°cC d ec); XR (KBr) 3250 Cbr, -OH),
1605, 15 3 8 , 1 3 8 5 , 1030, 765 cm"1 .
A n a l. C alcd . fo r  Ci:iH8N2 0 ; C, 7 1 .7 ^ ; H, U .35j Iff, 1 5 .2 2 .
Found: C, 7 1 .^ 8 ; H, U.UO; H, l U .9 8 .
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1*, 5 -D ia z a f lu o r e n -9 -o l (5 H -C y c lo p e n ta l2 ,l-b :  3 ,^"~b ’ ]d ip y r ld in -5 -  
o l ) . 1 ^ 3 A su sp en sio n  o f  U ,5 -'d ia za flu o ren -9 " o n e  ClOO mg, 0 ,5  mmol) in  
e th a n o l (5 mL) vas t r e a te d  w ith  sodium b orohyd rid e (20  mg, 0 ,5  mmol) 
in  a manner analogous t o  th e  above p roced u re, Standard work-up 
a ffo rd ed  a  c o lo r l e s s  s o l i d ,  w hich was r e c r y s t a l l i z e d  from e th a n o l t o  
g iv e  1*,5 - d ia z a f lu o r e n - 9 - o l , a s  c o lo r l e s s  c r y s t a l s :  2U mg (2550; mp
217-219°C (d ec) ( l i t . - 113 mp 22U°C).
A n a l. C alcd , f o r  Cn H8N20: C, 7 1 .71*; H, It.3 5 ; N, 1 5 .2 2 . Found:
C, 7 1 .5 1 ;  H, it .39 ; W, 1 5 . 0 7 .
S p iro f 9H -indeno[2 , 1 -b ]p y r id in e ] - 9 , 2 ( 1 , 3 ] -d io x o la n e  (1 3 6 ) . In  a 
r e a c t io n  v e s s e l  equipped w ith  a  D ean-Stark  t r a p ,  a  s o lu t io n  o f  1 -  
a z a flu o r e n -9 -o n e  (300 mg, 1 .6  mmol) and e th y le n e  g ly c o l  ( 6 .2  g, 0 .1 0  
m ol) in  anhydrous to lu e n e  (150  mL) v a s  t r e a t e d  w ith  co n cen tra ted  
s u l f u r ic  a c id  (lU 5 mg) and r e f lu x e d  fo r  9 hours under a n itro g e n  atom - 
sp h ere . A fte r  c o o l in g ,  th e  r e a c t io n  was quenched w ith  an aqueous 10$  
s o lu t io n  (90 mL) o f  sodium  b ic a r b o n a te  and th e  la y e r s  sep a ra ted . The 
aqueous la y e r  was e x tr a c te d  w ith  e th e r  ( 3 x 7 5  m L). The combined 
org a n ic  e x tr a c t  was d r ie d  over  anhydrous magnesium s u l f a t e  and con­
c e n tr a te d  in  vacuo t o  a f fo r d  a b e ig e  s o l i d ,  w hich  was r e c r y s t a l l i z e d  
from p etroleum  e th e r  t o  g iv e  sp ir o l9 H -in d e n o !2 , 1 - b ]p y r id in e ] - 9 ,2 * -  
I l ,3 ] - d io x o la n e ,  as c o lo r l e s s  c r y s t a l s :  120 mg (^ 0 $ ) , mp 100-101°C ;
HMR (CDClgl (m, 3,U-0CH2CH20 - ,  2H ), U .70 (m, 3,H-0CH2CH20 ~ , 2K ),
7 .2 5  (d d , 3-aram -H , J = 8 .0 , 5 .0  Hz, 1H ), 7 .^ 8  (m, 6 ,7-aram -H , 2H ), 7 .6 0  
(m, 5 ,8-arom -H , 2H ), 7 .7 9  Cdd, k-arom -H, J = 8 .0 ,  1 .5  Hz, 1H ), 8 .U5 (d d , 
2-arom -H , J = 5 .0 , 1 .5  Hz, 1H ); IR (KBr) IV 70 , 1*0.5, 1 2 8 5 , 126 3 , 1 1 2 5 , 
1 0 7 8 , 1009 , 955 , 800 , 772 cm"1 ; MS (70  e /v )  m /e 225 (M+ , 183
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(M+ -  1+2, 16.25?), 182 (M+ -  1+3, 1 0 0 # ) ,  l 66 (m+ -  59 , 6 . 7%) ,  153 (M+ -  
7 2 , It.8# ) ,  llto  (M+ -  8 5 , 7 . 0# ) ,  127 (M+ -  9 8 , 8 . 2# ) ,  126  (M+ -  9 9 ,
5 .3 # ) ,  100 (M+ -  1 2 5 , 3 .3 # ) ,  77 (C5H3N, 2 .9 # ) ,  76 (C5H2N, k.7%) .
A n a l. C alcd . fo r  C ^ H u M ^ : C, 7 ^ .6 7 ; H, U .89; N, 6 .2 2 .  Found:
C, 7^.7*+; H, I t .85; N, 5 .9 9 .
2 -F h e n y l-2 - ( 2 1- p y r id y l ) - 1 ,3 -d io x o la n e  ( 1 3 7 ) . A s o lu t io n  o f  phenyl 
2-p y r id y l  k eto n e  (.10 g ,  5  ^ mmol) and e th y le n e  g ly c o l  (33 g ,  0 , 5*+ 
m ol) in  anhydrous to lu e n e  (200 mL) v a s  t r e a t e d  w ith  co n c en tr a ted  
s u lf u r ic  a c id  (it g )  and r e f lu x e d  under a  n itr o g e n  atm osphere fo r  2 lt 
h ou rs. The w ork-up , an alogou s t o  t h a t  d e sc r ib e d  p r e v io u s ly ,  a ffo rd ed  
a c o lo r l e s s  s o l i d  ( 9 .5  g ) ,  th a t  was r e c r y s t a l l i z e d  from p etro leu m  e th e r -  
d ie th y l  e th e r  t o  g iv e  2-p h e n y l-2- ( 2 ' - p y r i d y l ) - l , 3 -d io x o la n e , a s  c o lo r ­
l e s s  c r y s t a l s :  9 .0  g (7 3 # );  mp 108- i a 0°C ( l i t . 114 mp 112°C ); NMR
(CDCI3 ) 6 6 .9 8 -7 .7 9  (m, arom-H, 8H ), 8 .6 2  (ddd, 6 -p yr-H , J = 5 .0 , 1 .5 ,
1 .0  Hz, 1H ).
R ea ctio n  o f  L ithium  D im ethylcopper w ith  a  P y r id y l D io x o la n e  and 
K etone. G eneral P roced u re . A s lu r r y  o f  c o p p e r ( l)  c h lo r id e  in  
anhydrous THF (20  mL) was t r e a te d  w ith  m e th y llith iu m  (2.18m ) in  d ie t h y l  
eth er  a t  0°C under an argon atm osphere and th e  r e s u lt a n t  b la c k  s lu r r y  
s t ir r e d  f o r  20 m in u te s . An anhydrous THF s o lu t io n  (6  mL) o f  sp iro [9 H -  
in d en o[2 , l - b ] p y r i d i n e ] - 9 , 2 ' - { l , 3 ] -d io x o la n e  was added a t  th e  tem p erature  
in d ic a te d  in  T ab le  I I I .  The m ix tu re  was s t i r r e d  fo r  3 .5  h o u r s , th en  
quenched w ith  c o ld  2H h y d ro c h lo r ic  a c id .  The aqueous su sp e n s io n , pH 
a d ju sted  t o  c a . 8 w ith  5N sodium h y d ro x id e , was e x tr a c te d  w ith  c h lo r o ­
form (3  x 25 mL). The combined e x tr a c t  was d r ie d  over  anhydrous
T able  I I I
R e ac tio n  o f  L ithium  D im ethylcopper v i t h  H e te ro c y c lic  S u h i t r a te e .
S u b s tra te C o p p e r(I) Io d id e  M e th y lltb lu a  S o lv en t
D lox lo lane  135
130 u s  i O .b a o o l  60 mg, 0 .6  isnol
D ioxolane 1J£
50 mg, O .Snm ol 30 mgi 0 .3  mmol
D ioxolane 
83 mg, O.b mmol liO mg, O.b mmol
0 .5 3  mL, 1 -2  em al THF
0.2T  mL, 0 .6  a n o l THF
0 .3 7  mL, 0 .8  m o l  THF
P h en y lp y rld y l
k e tone
3 g , 16 mmol 3 .2 5  g ,  3 2 .8  mmol 15 mL, 32 .8  mmol DEE
C rotonaldehyde 
1 g ,  ill  mmol 1 .5 8  s ,  18 mmol i l l  mL, 32 Dial DEE
R e ac tio n  
Time ( h r a . )
3 .5  
>1.5
3 .5
1 .5  
>1.5
Tem perature °C
5°
-I15'
r e f lu x
re f lu x
0s
P ro d u c ts
H.H.
H.R,
H.R.
1 - P h e n y l - l - [2 ' - p y r id y l ) -1 -  
e th a n o l (1731)
ls o v a le ra ld e h y d e , 3 -p en ten - 
2 - o lb
THF ■ te tr a h y d ro fu ra n  
DEE ■ d le th o x y e th an e
(a )  Ho r e a c t io n ,  unchanged s t a r t i n g  m a te r ia l .re c o v e re d .
(b ) P roduc t m ix tu re  I d e n t i f i e d  try HHR.
Oh
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magnesium s u l f a t e  and co n cen tra ted  in_ vacuo to  a ffo rd  a c o lo r l e s s  
s o l i d ,  which was chromatographed (TLC) e lu t in g  w ith  e th y l a c e t a t e -  
cycloh exan e (2 :1 )  in d ic a t in g  th e  p resen ce  o f  o n ly  unchanged sp iro [9H -  
indeno[ 2 , 1 ' bjpyr id in e ]  -9  > 2 ' - [  1 , 3 ] d io x o la n e .
R eaction  o f  2 - P h e n y l- 2 - ( 2 ' - p y r id y l) - l ,3 - d io x o la n e  w ith  M ethyl- 
magnesium Bromide. A s o lu t io n  o f  2-p h e n y l- 2 - ( 2 1-p y r id y l) - 1 ,3 -  
d io x o la n e  C3.0 g ,  13 mmol) in  anhydrous to lu e n e  (Uo mL) vas added drop-
w ise  to  a to lu e n e  s o lu t io n  o f  m ethylmagneslum "bromide (2 . 8M in  d ie th y l
e th e r , 5 . 1* mL, 15 mmol) under a n itr o g e n  atmosphere a t  room tem p erature. 
The r e a c t io n  was r e f lu x e d  fo r  19 h o u rs , th en  poured in t o  c o ld  2N hydro­
c h lo r ic  a c id  and th e  la y e r s  w ere se p a r a te d . The organ ic la y e r  was 
e x tr a c te d  w ith  5N h y d ro ch lo r ic  a c id  (30 mL) and th e  e x tr a c t  was added 
t o  th e  aqueous la y e r .  The aqueous la y e r  was con cen trated  to  h a l f  i t s
volume and th e  pH a d ju sted  t o  10 w ith  5N sodium h yd roxid e. An o f f -
w h ite  p r e c ip i t a t e  ( l .O  g ) was c o l l e c t e d  by f i l t r a t i o n  and th e  f i l t r a t e  
e x tr a c te d  w ith  chloroform  (3 x 100 mL). The combined organ ic  e x tr a c t  
was d r ied  over anhydrous sodium B u lfa te  and con cen tra ted  in  vacuo to  
a ffo rd  a brown s e m iso lid  ( l  g ) .  The combined p r e c ip it a t e  and brown 
s e m iso lid  were r e e r y s t a l i i z e d  from d ie t h y l  eth er-p etro leu m  e th e r  to  
g iv e  unchanged 2-p h e n y l-2- ( 2 ' - p y r i d y l ) - l , 3-d io x o la n e : 2 .0  g ,  mp 109-
110°C.
2-P h e n y lp y r id in e . * ^  q>c> lith iu m  m eta l (3 .5  g ,  0 .5  g-atom ) covered  
w ith  anhydrous d ie th y l  e th e r  (100 mL), a d ie th y l  e th er  s o lu t io n  (50 mL) 
o f  bromobenzene (.1*0 g ,  0 .2 5  m ol) was added under an argon atm osphere 
dropw ise a t  a r a te  to  s u s ta in  a g e n t le  r e f lu x  throughout th e  a d d it io n ,
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then  th e  r e a c t io n  m ix tu re  was r e f lu x e d  an a d d it io n a l 2 h ou rs. P y rid in e  
(fcO g ,  0 ,5  m ol) in  anhydrous to lu e n e  (100 mL) was added. The d ie th y l  
eth er was d i s t i l l e d  from th e  r e a c t io n  m ixture and th e  r e s u lta n t  
to lu en e  s o lu t io n  was h ea ted  t o  110°C f o r  8 h ou rs. A fte r  c o o lin g ,  
water was added t o  th e  b la ck  m ix tu re . T his aqueous s lu r r y  was f i l t e r e d  
and th e  la y e r s  sep a ra ted . The o rg a n ic  la y e r  was d i s t i l l e d  to  a ffo rd  
2 -p h en y lp y r id in e , as a c o lo r le s s  o i l :  1 8 .1  g ,  (k6%); bp 117-121°C
(5 mm) C l i t . 116 bp 2 6 8 -2 6 9 °C ); NMR (CDC13 ) 67-10  (dd , 5-pyr-H , J=5 -0 ,
It.5 Hz, 1H ), 7 .2 9 -7 .7 2  (m, 3 ,lt-p y r -H , 3 ,lt ,5 -p h e-H , 5H ), 7 -9 5  (m, 2 ,6 -  
phe-H, 2H ), 8 .6 5  (ddd, 2 -p yr-H , J = 5 .0 , 1 . 5 ,  1 .0  Hz, 1H ).
2 - ( i t 1 -M eth y lp h en y l)p y r id in e . The procedure employed was id e n t ic a l  
t o  th e  method used  t o  prepare 2 -p h e n y lp y r id in e . The o n ly  d if fe r e n c e  
being  1-bram o-it-m ethylbenzene was u sed  in  p la c e  o f  bromobenzene. 2-  
(lt1-M ethylp henyl)p y r id in e  was d i s t i l l e d ,  as a c o lo r le s s  o i l :  21 .7  g
ihk%)i  bp 12it°C (5 mm); [ l i t . 117 bp 93-98°C ( l  mm)]; HMR (CDC13 ) 6 2 .1 9  
Cs, -CH3 , 3H)j 6 ,9 0  (m, 3 -p yr-H , 1H ), 7 .0 9  (d , 3 ,5 -p h e-H , J= 8 .5  Hz,
2H ), 7 .^ 0  (m, it,5 -p y r-H , 2H ), 7 .8 8  (d , 2 ,6 -p h e -H , J= 8 .5  Hz, 2H), 8 .5 3  
(ddd, 2 -p yr-H , J=5*0, 1 .5 ,  1 .0  Hz, 1H ).
Attem pted D ir ec te d  L it h ia t io n  o f  2 -P h e n y lp y r id in e . G eneral 
Procedure. An anhydrous THF s o lu t io n  (itO mL) o f  2 -p h en y lp y r id in e  
(it. 86 g ,  31 mmol) was tr e a te d  w ith  n -b u ty ll ith iu m  ( 2 . U M in  h exane,
1 2 .8  mL, 31 mmol) a t  -20°C (d ry ic e - a c e to n e  b a th ) under an argon  
atm osphere. The red  s o lu t io n  was s t i r r e d  fo r  30 m in u tes , th en  quenched 
w ith  m ethanol-d  (1 .0 3  g ,  32 mmol) in  THF (3 mL). Water (50 mL) was 
added and th e  la y e r s  sep a ra ted . The aqueous la y e r  was e x tr a c te d  w ith
Table IV
R eac tio n  o f  n - 3 u ty l l i th iu n  v l t h  2 -P h e n y lp y rid in e ,
2 -P h e n y lp y rld ln e  
(g , mmol) n -B u li
Trapping 
Agent (g . mmol)
S o lv en t
(ml) Tem perature °C
R e ac tio n  
Time ( h r a . )
H.86 g ,  31 nmol
1 2 .8  m l, 
31 m o l
CH30D
1 .0 3  g ,  32 mmol THF (Ho)
00VOl 0 .5
1.86 g , 31 tnnol
1 2 .8  ml 
31 mmol
CHjOD
1.03  g ,  32 m o l THF (HO) -20° 0 .5
1 ,0  g ,  2 5 .6  mmol
11 mL, 
2 5 .6  tm ol
e th y l c h lo ro -  
f o m a te  
2 .8  g ,  26 mmol THF (HO)
OO1 6
3 .0  g ,  1 9 .3  mmol
8 mL
1 9 .3  nmol
e th y l c h lo ro -  
form ate
2 .1  g , 19 .3  mmol THF (30)
00tr>1 6
( a )  Mo r e a c t io n ,  unchanged s t a r t i n g  m a te r ia l  re c o v e re d .
(b )  D eterm ined from vpc/ms d a ta ;  rem ainder o f  m a te r ia l  unchanged 2 -p h e n y lp y rid ln e .
P rpduc ta
H .R .11
6 -b u ty l-2 -p h e n y lp y r id in e  (21 ()
N.H.a
6 -b u ty l-2 -p h e n y lp y rld ln e  (HJ) .
e th y l  2 - [ 2 ’- ( 6 ' - b u ty l)p y r id y l]h e n io a te
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chloroform  (3 x 50 mL). The combined e x tr a c t  and o rg a n ic  la y e r  were 
d ried  crver anhydrous magnesium s u l f a t e  and co n cen tra ted  in  vacuo t o  
a ffo rd  an orange o i l  (U.U g ) ,  which was f r a c t io n a l l y  d i s t i l l e d  t o  
g iv e  unchanged 2 -p h e n y lp y r id in e  [ 1 .2  g ; hp 125-128°C  (5 mm)] and a 
f r a c t io n  which c o n ta in ed  two com ponents. T h is m ixtu re  was chrom ato­
graphed (ThLC) e lu t in g  w ith  c y c lo h e x a n e -e th y l a c e t a te  (1 0 :1 )  t o  a f f o r d ,  
along w ith  unchanged 2 -p h e n y lp y r id in e  (U50 m g), 6- b u t y l - 2 -p h e n y l-  
p y r id in e : 1 .3 7  g (21Jf); hp 1T8-187°C (5  mm), [ l i t . 118 hp 190°C
Cl mm) j ; NMR (CDC13 ) 6 0 .98  ( t ,  0 5 3 ( ^ 2 ) 3 , J= 5-5  Hz, 3H ), 1 .2 2 - 2 .1 7  
Cm, CH3(GH2 ) 2-CH2- , ^H), 2 .8 6  ( t ,  CH3 ( CH2 ) 2OH2- , J= 7 -0  Hz, 2H ), 6 .9 1  
(m, 5 -p yr-H , 1H ), 7 -2 0 - 7 .5 5  Cm, 3,l+-pyr-H , 3 ,U ,5 -p h e-H , 5H ), 7 -9 8  (m, 
2 ,6 -p h e-H , 2H ).
2 ,6 -D iio d o p y r id in e  (1 ^ 8 ) . Method A. Treatm ent o f  2 , 6-D ibrom o- 
p y r id in e  w ith  P otassiu m  I o d id e . A s t ir r e d  m ixture o f  2 ,6 -d ib ro m o -  
p y r id in e  C8.0 g , 2 5 -3  mmol) and potassiu m  io d id e  {2b  g ) in  N ,N -d im eth y l-  
formamide (100 mL) was r e f lu x e d  fo r  ^ h o u rs . The c o o le d  m ix tu re  was 
f i l t e r e d ,  and th e  f i l t r a t e  evap orated  in  vacuo t o  near d rjm ess. Water 
C35 mL) was added and th e  aqueous s lu r r y  e x tr a c te d  w ith  d ie t h y l  e th e r  
C3 x 50 mL). The com bined e x tr a c t  was d r ie d  over anhydrous sodium  
s u l f a t e  and c o n c en tr a ted  in  vacuo t o  a f fo r d  an o f f - w h it e  s o l i d  C 8.80 g ) ,  
which was r e c r y s t a l l i z e d  from petroleum  e th e r  to  g iv e  unchanged 2 , 6-  
d ih rom op yrid in e, a s  c o lo r l e s s  c r y s t a ls :  5 .6 5  g ;  mp 115-117°C .
Method B . Treatm ent o f  2 ,6 -D ib rom op yrid in e  w ith  H ydroiod ic A cid  
and Sodium I o d id e . A s o lu t io n  o f  2 ,6 -d ih rcm o p y r id in e  C^.O g ,  1 6 .8  
mmol) and sodium io d id e  C 6.0 g )  in  h y d ro io d ic  a c id  (2 0  mL, d . bj%)  was
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r e f lu x e d  f o r  5 -5  h o u rs . Then th e  r e a c t io n  m ix tu re  was p ou red  in t o  a 
s o lu t io n  o f  b0% sodium  h y d ro x id e  (2 0  mL) and i c e  (2 0  g ) ,  f i l t e r e d ,  
and t h e  f i l t r a t e  e x tr a c te d  w ith  d i e t h y l  e th e r  (ll x 60 mL). The com­
b in ed  e x t r a c t  was washed s e q u e n t ia l ly  w ith  w ater  (100 m L), a  s o lu t io n  
o f  sodium  s u l f i t e  (100  mL), and w ater  (1 0 0  m L), th en  d r ie d  o v er  
anhydrous sodium  s u l f a t e .  The f i l t e r  cak e was washed w ith  w a te r ,  
fo llo w e d  by d i e t h y l  e t h e r .  To th e  o r g a n ic  e x t r a c t ,  t h e  f i l t e r  cake  
and e x c e s s  d i e t h y l  e th e r -p e tr o le u m  e th e r  w ere added. A f te r  d i s s o lu t i o n  
th e  c o l o r l e s s  c r y s t a l s ,  w hich  had p r e c ip i t a t e d ,  w ere c o l l e c t e d  
a ffo r d in g  2 ,6 - d i io d o p y r id in e :  1 . 0  g (1 8 # ) ;  mp l8 5 - l8 6 ° C  ( l i t . 62 mp
l8 3 ° C );  KMR (CDC13 ) 6 6 .9 8  ( t ,  k -p y r -H , J = 8 .5  H z, 1H ), 7 -7 3  (d ,  3 , 5 -  
pyr-H , J = 8 .5 H z, 2H ); IR (KBr) 3 0 1 0 ,  1 5 k 0 ,  lk o 8 ,  1 1 2 0 ,  9 7 5 , 785 cm"1 ;
MS (7 0  e /v )  m /e  331 (M+ , 1 0 0 # } , 20k (M+ -  1 2 7 , k 6 .5 # ) ,  127  ( l + , 1 6 . 6# ) ,  
77 (C5H3N, 2 0 .6 # ) .
A n a l. C a lc d . fo r  C5H3I 2N: C, 1 8 .1 3 ;  H, 0 .9 0 ;  TJ, k .2 2 .  Found:
C, 1 8 . k l ;  H, 0 .8 7 ;  N, k .3 8 .
M ethod C. Treatm ent o f  2 . 6 -P ic h lo r o p y r id in e  w ith  H yd ro io d ic  A cid  
and Sodium I o d id e . A s t i r r e d  m ix tu re  o f  2 ,6 -d ic h lo r o p y r id in e  ( l k .8  g ,  
0 .1  m ol) and sodium  io d id e  (20  g ) in  h y d ro io d ic  a c id  (75  mL, d . k7#) 
was r e f lu x e d  f o r  12 h o u rs . The m ix tu re  was c o o le d , pou red  in t o  a  
s o lu t io n  o f  k0# sodium h y d rox id e  (75 mL) and i c e  (75  g ) , th e n  f i l t e r e d .  
The f i l t r a t e  and f i l t e r  cak e w ere worked-up as  d e s c r ib e d  in  Method B 
t o  g iv e  2 , 6- d i io d o p y r id in e  a s  c o l o r l e s s  c r y s t a l s :  1 3 .8 5  g  (k2# ) ;
mp 1 8 5 -1 8 6 °C .
Table V
Transhalogenation of 2,6-Dibromo- and 2,6-Dichloropyridine.
R eaction Percent Y ie ld  o f
S ta r tin g  H alide Reagents Conditions Time (h r s .)  2 , 6-P iio d o p y rid in e
2,6-Dibromo A r  .t  y 27
CV1
2,6-Dibromo A warmed 8 N .R .a
2 , 6-Dibromo B reflu x ed k N .R .a
2 ,6 -D ich lo ro A +■ 15 r  .t'. k6 R .R .a
2 , 6-D ich loro A reflu x ed 18 k2%
2,6-Dibromo A reflu x ed 5 .5 1 8 %
A = HI -  Hal 
B = KI -  DMF
(a) No r e a c t io n , unchanged s ta r t in g  m a ter ia l recovered . 
Cb) Room tem perature.
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M etal-H alogen Exchange o f  2 ,6 -D ih a lo p y r id in e  w ith  n -B u ty llith iu m . 
Method A. P rep aration  o f  2 ,6 - D i l i t h io p y r id in e  from 2 ,6 -P iio d o -  
p y r id in e  Trapping w ith  3-Brom opropene. 2 ,6 -D iio d o p y r id in e  (3 .3 1  g ,  
0 .0 1  m ol) in  anhydrous THF (125 mL) was co o led  to  -90°C ( l iq u id  
n itro g en -p etro leu m  e th e r  b ath ) under an argon atm osphere. ri-B utyl- 
lith iu m  (2.2_M _in hexane, 17 mLi 0 ,0 3 8  m ol) was added, then  th e  
s o lu t io n  was s t ir r e d  a t c a . -85°C fo r  h .5  h ou rs. A s o lu t io n  o f  3 -  
bromopropene (.6.9 mL, 0 ,0 8  m ol) in  anhydrous THF (70 mL) was added 
and s t ir r e d  fo r  3 .5  h ou rs, w h ile  th e  r e a c t io n  m ixture was g ra d u a lly  
warmed t o  room tem p erature. M ethanol (.5 mL) was added, and th en  th e  
r e a c t io n  m ixture co n cen tra ted  in  vacuo t o  near d ry n ess. The r e s id u e  
was s lu r r ie d  in  w ater (.50 mL) and e x tr a c te d  w ith  d ie th y l  e th er  (3 x 
50 mL), The organ ic e x tr a c t  was washed w ith  5N s u lf u r ic  a c id  (50 mL), 
d r ied  over anhydrous magnesium s u l f a t e  and con cen tra ted  in  vacuo to  
a ffo rd  an o i l  (310 m g), which was chrom atographed (TLC) e lu t in g  w ith  
e th y l a c e ta te -cy c lo h e x a n e  ( l : l )  in d ic a t in g  th e  m ixture t o  be 2- io d o -  
p y r id in e  and se v e r a l u n id e n t i f ie d  com ponents.
The pH o f  th e  a c id ic  la y e r  was a d ju s te d  to  10 w ith  10N sodium  
h yd rox id e, then  e x tr a c te d  w ith  e th er  (3 * 60 mL). The combined eth er  
e x tr a c t  was d r ied  over anhydrous sodium s u l f a t e  and con cen tra ted  in  
vacuo t o  a ffo r d  a brown o i l  (810 m g), w hich was chromatographed (ThLC) 
e lu t in g  w ith  e th y l  a c e ta te -c y c lo h e x a n e  ( 1 :2 ) to  g iv e  2-io d o p y r id in e  
{200 mg (9 -8 $ );  R^=0,57 [ e t h y l  a c e ta te -c y c lo h e x a n e  ( l : 2 ) j ;  NMR (CDCI3 ) 
67.^5 (m, pyr-H , 3H ), 8 .3 5  (ddd, 6-p y r-H , J = 5 .0 , 2 .0 ,  1 .0  Hz, 1H)} and 
6- ( 3 ' -p r o p e n y l)-2 - io d o p y r id in e  I 28O mg ( l l j£ ) ;  NMR (CDC13 ) 5 3 .5 6  (d , 
a-CH2 , J= 6 ,5  Hz , 2H ), 5 .25  (b d , -C=CH2 , J= 12 .0  Hz, 2H ), 5 .8 8  (m,
70
-H O C -, 1H ), 7 .5 2  Cm, pyr-H , 3 H )].
Method. B . P rep ara tion  o f  2 ,6 - P i l i t h io p y r id in e  from 2 ,6 -D lio d o -  
p y r id in e  Trapping w ith  Carbon D io x id e . A s o lu t io n  o f  2 ,6 -d i io d o p y r i­
d ine (3 .3 1  g ,  0 .0 1  m ol) in  anhydrous THF (125 mL) was c o o le d  t o  -95°C  
( l iq u id  n itro g en -p etro leu m  e th e r  h a th ) under an argon atm osphere, 
then  tr e a te d  w ith  n -b u ty llith iu m  (2 .2  M in  h exan e, 17 mL, 0 .0 3 8  m o l). 
The r e a c t io n  was s t ir r e d  fo r  U h o u rs , s t r i c t l y  m a in ta in in g  th e  tem­
p eratu re  helow  -89°C . The g o ld en  s lu r r y  was r a p id ly  poured w ith  
v ig orou s s t ir r in g  onto s o l id  carbon d io x id e  (70 g ) . A fte r  warming to  
25°C, th e  s lu r ry  was co n cen tra ted  in  vacuo t o  a f fo r d  an o i l y  r e s id u e  
which was d is s o lv e d  in  w ater and e x tr a c te d  w ith  d ich lorom ethane (3 *
50 mL). The combined o rgan ic  e x tr a c t  was d r ied  o v er  anhydrous sodium 
s u lf a t e  and con cen tra ted  in  vacuo to  a ffo r d  an u n id e n t i f ie d  o i l :  550
mg; NMR (CDC13 ) 6 0 .6 0 -1 .8 0  (m ). The aqueous p o r t io n  was con cen tra ted  
in  vacuo t o  g iv e  a s o l i d ,  w hich was suspended in  anhydrous m ethanol 
and sa tu ra ted  w ith  dry hydrogen c h lo r id e  gas and r e f lu x e d  fo r  2k  hours 
under n itr o g e n . A fter  c o n c e n tr a tio n  in  v a cu o , th e  r e s id u a l  o i l  was 
d is s o lv e d  in  w ater (25 mL), a d ju sted  t o  pH 7 w ith  s o l i d  potassiu m  
carb on ate , and e x tr a c te d  w ith  dichlorom ethane (3 x 25 mL). The com­
bined organ ic  e x tr a c t  was d r ie d  over  anhydrous sodium s u l f a t e  and 
column chromatographed e lu t in g  w ith  aceton e t o  g iv e  a c o lo r l e s s  s o l id ,  
which was r e c r y s t a l l i z e d  from aceto n e  to  a ffo r d  m eth yl 2 , 6 -p y r id in e -  
d ica rb o x y la te  (1 5 0 a ) , as c o lo r l e s s  c r y s t a ls :  115 mg ( 6??); mp ll8 -1 2 1 °C
( l i t . 119 mp 12H-125°C); UMR (CDC13 ) 63 .91  ( s ,  -C02CH3 , 6h ) , 8 .2 0  (m, 
pyr-H , 3H); MS (70 e /v )  m /e 195 (M+ , 2 .1 * ) ,  l 6 k  (M+ -  3 1 , 7 .2 * ) ,  139 
(M+ -  58 , 100*1, 105 (C6H3HO, U l .7 * ) .
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The aqueous p o r t io n  was a d ju sted  t o  pH 5 w ith  5N h y d ro ch lo r ic  
a c id , th en  e x tr a c te d  w ith  d ich lorom eth an e (2  * 30  mL). The o rg a n ic  
e x tr a c t  was d r ie d  over anhydrous sodium  s u l f a t e  and co n cen tra ted  in  
vacuo t o  g iv e  2- c a r bom ethoxy-6 -p y r id in e c a r b o x y lic  a c id ,  a s  a  p in k  
s o l id :  50 mg (3 # ) ;  mp l ^ - l l + 6°C ( l i t . 120 mp 1 51°C ); NMR (CDCI3 ) 61+.07
( s ,  -CO2CH3 , 3H ), 8 .0 0 -8 .5 3  (m, pyr-H , 3H ), 9 -3 9  [ s ,  -CO2H (exchanged  
w ith  D20 ) ,  lH ] .
Method C. P rep a ra tio n  o f  2 ,6 - P i l i t h io p y r id in e  frcm 2 . 6-P ibrom o- 
p y r id in e  Trapping w ith  Anhydrous G aseous Carbon D io x id e . An anhydrous 
THF (125 mL) s o lu t io n  o f  2 , 6-d ib rom op yrid in e  (2 .3 7  g ,  0 .0 1  m ol) was 
c o o led  t o  -95°C ( l iq u id  n itro g e n -p e tr o leu m  e th e r  "bath) under an argon  
atm osphere, th en  tr e a te d  w ith  n -b u ty ll ith iu m  ( 2 .2  M in  h ex a n e , 1 7  mL, 
0 .038  m o l) . The s lu r r y  was s t ir r e d  a t  -95°C  f o r   ^ h o u rs , th en  g a seo u s  
carbon d io x id e 121 was in tro d u ced  o v er  a 13 hour p e r io d . Care must be  
tak en  t o  a v o id  c lo g g in g  o f  th e  gas i n l e t  tu b e . The s lu r r y  was th en  
poured on to  s o l id  carbon d io x id e  w ith  s t i r r i n g .  The s o lv e n t  was 
evap orated  t o  a f fo r d  a s o l i d ,  which was suspended in  w ater (30 m L), 
a d ju sted  t o  pH 8 w ith  s o l i d  p otassiu m  c a rb o n a te , and e x tr a c te d  w ith  
dich lorom ethane (3 * 25 mL). The combined o rg a n ic  e x tr a c t  was d r ie d  
over anhydrous sodium s u l f a t e  and c o n c e n tr a te d  in  vacuo to  a f fo r d  an  
u n id e n t i f ie d  o i l  (260 m g). The aqueous la y e r  was co n cen tra ted  in  vacuo  
to  g iv e  a  s o l i d ,  which was s lu r r ie d  in  anhydrous m eth an o l, sa tu r a te d  
w ith  gaseou s hydrogen c h lo r id e  and r e f lu x e d  f o r  12 h o u rs . A fte r  con ­
c e n tr a t io n  in  v a cu o , th e  o i l y  r e s id u e  was d is s o lv e d  in  w ater (35 m L), 
n e u tr a liz e d  w ith  s o l i d  p otassiu m  ca rb o n a te , and e x tr a c te d  w ith  d i -  
chloram ethane (3  * 25 mL). The combined e x tr a c t  was d r ie d  over
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anhydrous sodium s u l f a t e  and column chrom atographed e lu t in g  w ith  a c e ­
ton e  t o  g iv e  an o i l  (1 . 6U g ) ,  w hich s o l i d i f i e d  upon s ta n d in g .  
R e c r y s t a l l iz a t io n  from a c e to n e  gave m eth y l 2 , 6-p y r id in e d ic a r b o x y la te ,  
as c o lo r l e s s  c r y s t a l s :  370 mg; mp l l6 - 1 1 9 ° C . The mother l iq u o r  was
co n cen tra ted  t o  a ffo r d  an o i l ,  w hich was chrom atographed (ThLC) 
e lu t in g  w ith  e th y l  a c e ta te -c y c lo h e x a n e  ( 2 :1 ) a ffo r d in g  m ethyl 2 , 6-  
p y r id in e d ic a r b o x y la te :  20 mg ( 20$ o v e r a l l ) .
Method D. P rep a ra tio n  o f 2 , 6 - P i l i t h io p y r id in e  from 2 , 6-Pi'bromo- 
p y r id in e  Trapping w ith  Carbon D io x id e . T h is  procedure was conducted  
in  a mariner an alogou s t o  t h a t  o f  Method B , ex cep t 2 , 6-d ih rom op yrid in e  
was u sed  in s te a d  o f  2 ,6 - d i io d o p y r id in e .  F r a c t io n a l r e c r y s t a l l i z a t io n  
o f  th e  r e a c t io n  r e s id u e  from d ie t h y l  e th e r -p e tr o leu m  e th er  a ffo rd ed  
m ethyl 2 , 6-p y r id in e d ic a r b o x y la te , as c o l o r l e s s  c r y s t a ls :  115 mg (8$ ) ;
mp 117-120°C .
A second  f r a c t io n  was r e c r y s t a l l i z e d  from hexane to  g iv e  m ethyl 
6- c h lo r o - 2 -p y r id in e c a r b o x y la te , as c o l o r l e s s  c r y s t a l s :  520 mg ( 30$ ) ;
mp 7 8 -8 l°C ;  NMR (CDC13 ) 6U .02 ( s , C02CH3 , 3H ), 7 .6 3  (dd , 3 -p yr-H ,
J=8 ,0 ,  2 .0  Hz, 1H ), 7 .9 2  (d d , 1*-pyr-H , J - 8 .0  Hz, 1H ), 8 .1 1  (d d , 5 -p y r -  
H, J=8 .0 ,  2 .0  Hz, 1H ); MS (70 e /v )  m /e 171 (M+ , 1 2 .2 $ ) ,  lU l  (M+ . -  3 0 ,  
3 2 .3 $ ) ,  113 (M+ -  5 8 , 1 0 0 $ ) , 76 (C5H2N , 5 2 .6 $ ) .
A n a l. C alcd . fo r  C7H6C1N02 : C, 1*9.16 ; H, 3 .5 0 ;  N, 8 .1 6 . Found:
C, 1*9.1*5; H, 3 .6U ; N, 7 .9 3 .
Method E . P rep a ra tio n  o f  2 , 6 - P i l i t h io p y r id in e  frcan 2 ,6 -D ib rom o-  
p y r id in e  Trapping w ith  M eth anol. 2 , 6 -D ib rom opyrid ine (1+.7 g 9 20 mmol) 
in  THF (2 0  m l) was t r e a t e d  w ith  n -b u ty l l i th iu m  (2,1* M in  h exan e , 31
73
mL, 0 .076  m ol) under th e  c o n d it io n s  d e sc r ib e d  in  Method B. A fte r  
s t ir r in g  fo r  1*.5 h o u rs , th e  r e a c t io n  m ixture was r a p id ly  quenched w ith  
a c h i l l e d  THF (.20 mL) s o lu t io n  o f  anhydrous m ethanol ( 6 .U g ,  0 .2  m o l) . 
The tem perature r o se  b r i e f l y  t o  -78°C but was q u ic k ly  retu rn ed  t o  -90°C . 
The quenched r e a c t io n  m ixtu re was s t ir r e d  fo r  6 h o u rs , w h ile  s lo w ly  
warming t o  room tem p eratu re . Then, th e  m ix tu re  was co n cen tra ted  by 
f r a c t io n a l  d i s t i l l a t i o n  c o l l e c t in g  on ly  th e  m a te r ia l th a t  b o i le d  below  
60°C. The r e s id u e  was s lu r r ie d  in  h o t p e tr o le u m ,e th e r -d ie th y l  e th e r ,  
then  f i l t e r e d .  The e th e r e a l  f i l t r a t e  was co n cen tra ted  and th e  l iq u id  
r es id u e  was analyzed  by vapor phase chrom atography, which in d ic a te d  
th e  p resen ce  o f  p y r id in e  and 2-b rom opyrid ine. T his m ixture was 
d i s t i l l e d ,  c o l le c t in g  betw een 60°-90°C t o  a f f o r d , a lo n g  w ith  low  
b o i l in g  s o lv e n t s ,  p y r id in e  ( 52- 58$) as determ ined by vp c.
The r e s id u e  o f  th e  d i s t i l l a t i o n  was column chromatographed e lu t in g  
w ith  e th y l a c e ta te  t o  a f fo r d  2-brom opyridine (.7 - 1 2 $ ) ,  as in d ic a te d  by 
vp c.
Method F . P rep a ra tio n  o f 2 , 6 - P i l i t h io p y r  id in e  from 2 , 6-Pibrom o- 
p y r id in e  Trapping w ith  Dim ethyl D is u l f id e . The r e a c t io n  was rep ea ted  
excep t u s in g  d im eth y l d i s u l f id e  (9.1* g , 10 mmol) in  THF (U0 mL) to  
quench th e  r e a c t io n . The quenched r e a c t io n  was d i s t i l l e d  t o  a f f o r d ,  
along  w ith  low b o i l in g  s o lv e n t s ,  a m ixture [2 .5 5  g ,  bp 98-112°C (3 ram)] 
o f  2 ,6 -d ith io m eth o x y p y r id in e : 36-1*0$; MS (70 e /v )  m /e 173 (M+ +2 ,
8 . 0$ ) ,  172 (M+ +1, 1 2 . 2$ ) ,  171 (M+ , 8 0 .5 $ ) ,  156 (M+ -1 5 ,  8 .5 $ ) ,  138 
(M+ -3 3 , 2 2 .7 $ ) ,  125 (M+ -1*6, 1 7 .3 $ ) ,  109 (M+ -7**, 2 ? .9 $ ) ,  (HCS, 
1 0 0 $ ); and 2-b rom o-6-th iam eth oxyp yrid in e: 26-28$; MS (70 e /v )  m/e
206 (M* + 3 , 1 0 .9 $ ) ;  205 (M+ + 2 , 9 6 .2 $ );  2 0 3 .9  (M+ , 1 0 0 $ ), 203 (M+ - 1 ,
7 6 . 6%) ,  202 (M+ - 2 ,  7 8 .2 5 0 ,  157 (M+ -1*7, 35 .656), 10 9  (m+ - 9 5 ,  3U.7SS),
78 (C5H4N, U3.1JS); w hich  v a s  d eterm in ed  "by vpc/m s a n a ly s i s .  A ttem pts  
t o  s e p a r a te  th e  m ix tu r e  by d i s t i l l a t i o n  p roved  u n s u c c e s s f u l .
2 , 6-P y r id in eb is (m a g n esiu m  b rom id e) . 56 To m agnesium tu r n in g s  (U .86  
g , 0 .2 0  g -a tom ) an anhydrous d ie t h y l  e th e r  (1 0  mL) s o lu t io n  o f  e t h y l  
bromide C?00 mg, 6 mmol) was added under a  n it r o g e n  atm osphere t o  
i n i t i a t e  th e  r e a c t io n .  An e t h e r e a l  (90  mL) s o lu t io n  o f  e th y l  brom ide 
(.2 2 .5  g ,  0 . 2 1  m ol) and 2 , 6-d ib ro m o p y r id in e  ( 9 . 6  g ,  O.Olj m ol) was th e n  
added over a 1 . 5  hour p e r io d  a t  a r a t e  t o  s u s t a in  a c o n s ta n t  r e f lu x .
A ta n  s o l i d  s e p a r a te d  du rin g t h e  c o u r se  o f  th e  a d d it io n .  The e th e r e a l  
s lu r r y  was r e f lu x e d  f o r  30 m in u te s , th e n  th e  s o lv e n t  was removed to  
g iv e  a v is c o u s  brown o i l ,  w h ich  v a s  su sp en d ed  in  anhydrous d ie t h y l  
e th e r  (100  mL) and r e f lu x e d  f o r  2 h o u r s . The s lu r r y  was r a p id ly  poured  
w ith  s t i r r i n g  o n to  carbon d io x id e  (100  g ) .  The s o lv e n t  v a s  ev a p o ra ted  
to  g iv e  an o f f - w h i t e  s o l i d ,  w hich  v a s  susp en d ed  in  w ater  (100  mL) and 
th e  pH a d ju s te d  t o  c a .  6 w ith  5N h y d r o c h lo r ic  a c id .  A ta n  s o l i d  was 
f i l t e r e d  and su b lim ed  t o  g iv e  unchanged 2 , 6 -d ib ro m o p y r id in e : 2 .6 0  g ;
mp llU -1 1 5 °C .
The f i l t r a t e  was e x tr a c te d  w ith  d ich lo ro m eth a n e  (3  * 100 mL).
The o rg a n ic  e x t r a c t  was d r ie d  o v e r  anhydrous m agnesium s u l f a t e  and 
co n c en tr a ted  in  vacu o  t o  a f f o r d  an o i l  ( 2 . 6 2  g ) ,  w h ich  was shown by  
NMR t o  be a  m ix tu re  o f  2 - e t h y lp y r id in e  (U00 rag), 2 ,6 -d ib ro m o p y r id in e  
C500 m g ), and p r o p io n ic  a c id .
The pH o f  th e  f i l t r a t e  was a d ju s te d  t o  c a .  1  w ith  c o n c en tr a ted  
h y d ro c h lo r ic  a c id  and th e n  c o n c e n tr a te d  in  vacu o  t o  g iv e  a  s o l i d  r e s id u e ,  
which was d r ie d  in  vacuo a t  130°C f o r  2k  h o u r s , s lu r r i e d  in  anhydrous
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m ethanol and s a tu r a te d  -with dry hydrogen brom ide g a s . The s o lu t io n  
was r e f lu x e d  under a n it r o g e n  atm osph ere fo r  12 h o u r s , th en  f i l t e r e d  
t o  remove a  c o l o r l e s s  in o r g a n ic  s a l t  (8 -9  g) ■ The f i l t r a t e ,  pH 
a d ju s te d  t o  c a . 8 w ith  s o l i d  p o ta ss iu m  c a r b o n a te , was e x tr a c te d  w ith  
d ich lorom eth an e (3  * 100 m L). The com bined o rg a n ic  e x t r a c t  was d r ie d  
over anhydrous magnesium s u l f a t e  and c o n c e n tr a te d  in  vacuo t o  a f fo r d  
a brown s o l i d  ( l .O  g ) ,  w hich  was r e c r y s t a l l i z e d  from h e x a n e -e th e r  to  
g iv e  m eth y l 2 , 6-p y r id in e d ic a r b o x y la te  (1 5 2 ):  90 mg ( 1 . 2$ ) ,  mp 1 1 3 -
118°C ; R ^=0.50 [ e t h y l  a c e t a te - c y c lo h e x a n e  ( 2 : 1 ) ] .
C o p p er(i)  I o d id e . 122 A s o lu t io n  o f  p o ta ss iu m  io d id e  ( 3 .3 2  g ,  20  
mmol) in  sa tu r a te d  s u lfu r o u s  a c id  was added r a p id ly  w ith  s t i r r i n g  t o  
a s o lu t io n  o f  c o p p e r ( I I ) s u l f a t e  p en ta h y d ra te  ( 5 .0  g ,  20 mmol) in  
w ater (20  mL) t o  a f f o r d  a  c o l o r l e s s  p r e c i p i t a t e .  T h is  p r e c ip i t a t e  was 
c o l l e c t e d ,  washed s e q u e n t ia l ly  w ith  5 ml* p o r t io n s  o f  w a te r , e th a n o l,  
and e t h e r ,  th en  d r ie d  in  vacuo o v e r  phosphorus p e n to x id e  a t  100°C fo r  
12 hours t o  g iv e  copper ( I  ] i o d i d e : 3 .2  g (81+^).
A ttem p ted  and S u c c e s s fu l  P r e p a r a t io n s  o f  H e te r o c y c lic  A c e t y le n e s . 
G eneral P ro ced u re . 61* A m ix tu re  o f  b i s ( tr ip h e n y lp h o sp h in e ) d ic h lo r o -  
p a l la d iu m ( l l ) ( 0 , 1  mmol) and a  h a lo h e t e r o c y c le  (10 mmol) in  anhydrous 
d ie t h y l -  o r  t r ie th y la m in e  (60  mL) was t r e a t e d  w ith  c o p p e r (I ) io d id e  
(0 .3  mmol) under a  n itr o g e n  a tm osp h ere . The m ix tu re  was s t i r r e d  a t  
25°C and dry a c e t y le n e  g a s 107 was in tr o d u c e d  th ro u g h  t h e  m ix tu re  a t  a  
s lo w  r a t e  f o r  8 h o u r s . A t t h e  end o f  t h i s  p e r io d , t h e  s o lv e n t  was 
eva p o ra ted  in  vacuo t o  a f f o r d  a  r e s id u e ,  w hich  was s lu r r i e d  in  w ater  
(30  mL). Then to lu e n e  (60  mL) was added and th e  su sp e n s io n  f i l t e r e d .
Table VI
R eac tio n s  o f  D1 c h lo ro b la ( t r lp h e n v ln h o s n b ln e ln a lla d iu n ( I I ) -c o p p e r ( I ) - Io d id e  v i t h  a  H a lo h e te ro cy c le  and A ce ty len e . 
D lch lo rob l a ( t r lp h e n y -  CopperCl)
S u b s tra te  ( m o l)
p b o sp h ln e Ip s lla d lu a  
( m o l)
Io d id e
(m o l] S o lv en t (nlil R e ac tio n  T im e/C onditions P ro d u c t( s )
2 -B rcn o p y rid in e  (13) 0 .065 0 .13 A (60) 10 h r s . / r . t . 8 b i s ( 2- p y r ld y l ) ac e ty le n e  (21)
2-Broisopyr id in e  {13] 0 .13 0 .3 9 A (60) lt.5  h r s . / r . t . 8 ; 5 .5  h r a . / -  
r e f lu x
b i s ( 2- p y r I d y l )sc e ty le n e  (18?)
2- Io d o p y r ld in e  tlO ) 0 .1 0 0 .3 0 A (50) 6 h r a . / r . t . 8 b i s ( 2-p y r id y l)a c e ty le n e  ( to ? )
fl-C b lo ro q u ln o lln e  (1 2 .2 ) 0 .0 6 0 .1 2 A (60) 6 h r s . / r . t , 8. B .R ."
8 -C h lo ro q u in o lin e  (12] 0.12 0 .3 6 A (60) 1 h r s . / r . t . 8 } 9 h r a . / -  
r e f lu x
H . R *
3 -C h lo ro p y rld ln e  (1 7 .6 ] 0 .1 7 6 0.53 A (60) 2 ,5  h r s . / r . t . 8 } h h r a . / -  
r e f lu *
B .R .b
l-Brono-lf-C lt '- p y r d ly l  ) -  
benzene ( ^ g )  {1 .1 ]
0 .009 o.oie A (10) 11 h r s . / r . t . 8 H.H.b
1 -B roao -1*-{U' -p y r  I d y l ) -  
benzene Q ^ )  ( l . l )
0 .011 0.033 A (10) 1 h r . / r . t , 8 } 0 .5  h r s . / -  
r e f lu x
R.R .b
2 ,6 -D lb ro a o p y rid ln e  (20) 0 .20 0 .6 0 A (100) 9 h r a . / r . t , 8 b l a [ 2 - ( 6 -b ro n o )p y r id y lJ -  
a c e ty le n e  (1.5)!]
1 ,2 - b l s [ ’- ( 6 1-brono  )p y r id y l] -  
e th e n o l (7 .5 ? )
2 ,6 -D lb ro a o p y rid in e  (100) 1 3 A (1*00) 1 1 .5  h r s . / r . t . 8 1 , 2 - b l s [ 2 ' - ( 6 ' -b ro a o )p y r id y l] ■ 
e th a n o l (19?)
2 ,6 -D ib ro o o p y rld in e  (20) o.l* 0 .6 B (100] 12 h r a . / r . t . 8 b jn [ 2 - ( 6 -b ro o o )p y rId y l] -  
a c e ty le n e  ( l 1*?)
Table VI (Continued).
Substrate (cnol)
2.6-Dlbrcmopyridine (100)
2.6-Dlbromopyrldine (lDQ)
2.6-Dibronopyrldine (100)
Dlehlorob la ttrlnheny- Copper(l) 
phoapbioelpallsdiun Iodide
_______(rool)__________ (cnol) S o l v e n t  (p L i
B (1*00)
B (1*00)
B (>*00)
A. * DiethyInmine 
B » Triethylaalne
(a) Boon temperature.
(b) Ho reaction , unchanged sta rtin g  n a te r la l recovered.
Reaction THme^ Condltlons Product(s)
9 .5  h r s . / r . t . a
0.75 h r . / r . t . ;  5 h r s . / -  
reflux
3 h ra ./l* 0 <,e
b is [2 -(6-brooo)pyridylae etylene
US*)
b is [2-{6-broao)pyridylJacetylene
"TO)
b ls [2-(6-brono)t*yTldyl]acetylene 
121*)
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The la y e r s  w ere sep a ra ted  and th e  aqueous la y e r  e x tr a c te d  w ith  to lu e n e  
(3 x 6QmL). The combined org a n ic  e x tr a c t  was column chrom atographed  
on alum ina e lu t in g  w ith  to lu e n e  th en  e th y l  a c e ta te  t o  a f fo r d  a cru de  
r e s id u e , w hich was t r e a te d  in  th e  manner d e scr ib e d  in  th e  fo llo w in g  
s e c t io n s  t o  a ffo r d  unchanged s t a r t in g  m a te r ia l  and th e  co rresp on d in g  
b i s ( h e t e r o c y c l ic ) a c e t y le n e .
h i s ( 2 -P y r id y l)a c e ty le n e  ( 66a ) . The crude r e s id u e  was column  
chromatographed e lu t in g  w ith  e th y l  a c e t a t e  to  g iv e  an o i l ,  w hich was 
d i s t i l l e d  [hp 100-105°C  (1+6 mm}] t o  a f fo r d  unchanged s t a r t in g  m a te r ia l  
and h i s (2- p y r id y l )a c e t y le n e , a s  o f f - w h i t e  c r y s t a l s  from d ie t h y l  e th e r -  
petroleum  e th e r :  mp 67-69°C  ( l i t , 70 mp 69 -7 1 °C ); 1^=0.50 ( e t h y l
a c e t a t e ) ,
E - l ,2 - h i s r 2 1 -  ( 6 1-Bromo)p y r id y l ] e th e n o l  ( l 6o ) . The r e s id u e  was 
r e c r y s t a l l i z e d  from e th y l  a c e ta te -c y c lo h e x a n e  t o  g iv e  1 , 2- b i s [ 2 ' - ( 6  
h r o m o )p y r id y l]e th en o l, as p a le  y e l lo w  c r y s t a l s :  mp 203-205°C ; IE (KBr)
1 6 3 0 , 15 9 0 , 1 5 5 0 , 1^ 50 , 1U30, 1375 cm"1 ; MS (70 e /v )  m /e 356 (M+ , 100J&), 
327 (M+ - 2 9 ,  91.75S), 200 (M+ -1 5 6 , 7 2 .1 5 0 ,  156 (M+ - 2 0 0 , 7 ^ - W .
A n a l. C alcd . fo r  C, 1*0.67; H, 2.2U ; N, 7 * 8 6 .
Found: C, 1+0.35; H, 2 .3 0 ;  N, 7 .7 5 .
A s o lu t io n  o f  1 , 2 - h i s [ 2 ’ - ( 6 *-h ro m o )p y r id y l]e th e n o l (50  mg, O.lU  
m m ol), a c e t i c  anhydride (3  mL) and p y r id in e  (.1 mL) was s t i r r e d  and 
r e f lu x e d  f o r  12 hours under a n itr o g e n  atm osphere. A fte r  stan d ard  
work-up p ro ced u res , th e  y e llo w  s o l i d  (38 mg) was r e c r y s t a l l i z e d  from  
cycloh exan e t o  g iv e  1 , 2- h i s [ 2 1-C6 ' -b ro m o )p y r id y l]e th e n y l a c e t a t e  ( l 6l )  
a s  o f f -w h ite  c r y s t a l s :  30 mg (53%}', mp 133-137°C ; NMR (CDCI3 ) 62,1+9
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( s ,  -CH3 , 3H) 7 .4 8  (m, pyr-H , 6h ) , 7 -5 5  ( s ,  HC=C, 1H ); MS (70 e /v )  
m /e 398 (M+ , 1 . 5 ? ) ,  35 6  (jl+ - 4 2 ,  1 0 0 ? ) ,  327  (M+ - 7 1 ,  3 7 .3 ? ) ,  200 (M+ 
-1 9 8 , 1*4.8?), 158 (C5H4BrN, 1 9 .7 ? ) .
A n a l. C a lcd . fo r  C i4Ha 0Br2N20 : C, 4 2 .2 1 ;  H, 2 .5 1 ;  N, 7 .0 3 .
Found: C, 4 2 .3 2 ;  H, 2 .5 1 ;  N, 7 .2 6 .
b is l2 - ( 6 -B r o m o )p y r id y l ]a c e ty le n e  (1 5 9 )  ■ The r e s id u e  was suspended  
in  hot p etro leu m  e th e r  and f i l t e r e d .  The f i l t e r  cak e was r e c r y s t a l l i z e d  
from e t h y l  a c e ta te -c y c lo h e x a n e  t o  g iv e  b i s { 2 - ( 6 -b r o m o )p y r id y l]a c e ty le n e , 
as c o lo r l e s s  m ic r o c r y s t a ls :  mp 2 0 6 -2 0 9 ° C (d e c ); HMR (CDC13 ) 6 7 .5 5  (m );
IE (KBr) 2355  Cvw, -C = C -), 1 5 7 8 ,  1 5 5 0 ,  l 4 4 8 ,  1 1 3 0 ,  795  cm"1 ; MS C70 e / v )  
m /e 338 CM+ , 1 0 0 ? ) ,  257  (M+ - 8 l , 2 7 . 3 ? ) ,  1 7 7  (M+ - 1 6 2 ,  1 2 . 0 ? ) ,  89
Cc6h3w, 2 3 . 7 ? ) .
A n a l. C a lcd . f o r  C12H6Br2N2 : c > ^ 2 .6 0 ;  H, 1 .7 7 ;  N, 8 .2 8 .
Found: C, 4 2 .4 l ;  H, 1 .7 3 ;  N, 8 . 2 6 .
The f i l t r a t e  was c o n c e n tr a te d  in  v a cu o  t o  a f fo r d  unchanged 2 ,6 -  
d ib rom opyrid in e: mp 1 15-117°C .
1 ,2 - D i [ 2 l - C 6 1-h y d r o x y m e th y l)p y r id y l]- 1 , 2 -d ib rom oeth an e C l6 5 a ) . A 
ch loroform  (50  mL) s o lu t io n  o f  brom ine ( 2 .3  g ,  l 4 . 5  mmol) was added  
dropw ise o v er  1 . 5  hou rs t o  a  s t i r r e d  s u sp e n s io n  o f  l , 2 - b i s [ 2 t- ( 6 l -  
h y d ro x y m eth y l)p y r id y l]e th e n e  ( 3 . 5  g ,  1 4 .5  mmol) in  ch lo ro fo rm  (350 mL). 
The r e s u lt a n t  y e llo w -o r a n g e  s lu r r y  was f i l t e r e d  t o  a f f o r d  1 , 2 - d i [ 2 ’-  
( 6 '-h y d r o x y m e th y l) p y r id y l] - l ,2 -d ib rom oeth an e  a s  a  y e llo w -o r a n g e  s o l id :  
4 .4 5  g (7 7 ? ) ;  mp l8 5 -1 9 0 ° C (d e c ) .
A ttem pted P r e p a r a tio n  o f  b i s f 2 - ( 6-H yd roxym eth yl)p y r id y l ] -  
a c e t y le n e . G en eral P ro c ed u r e . To a  v ig o r o u s ly  s t i r r e d ,  r e f lu x in g
Table VII
Attempted Dehydrobromination of Dibromoethane l6^a.
P ercen t Y ie ld
KOH Ck , mol) S o lven t (mL) M olarity 1 . 2- b i  s [ 2 ' -  ( 6 ' -hydroxym ethyl)p y r id y l] ethane
3 g ,  0 .05^ mol MeOH (20) 2 .7 59%
630 mg, 0 .011 mol EtOH (20) O.56 50%
630 mg, 0 .011  mol H20 (20 ) 0 .5 6 lb%
1 g , 0 .017 mol MeOH (20) O.85 12%
1 g , 0 .017 mol t-BuOH (20) 0 .8 5 11%
CDo
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s o lu t io n  o f  p otassiu m  hyd roxid e in  m eth a n o l, 1 , 2- d i [ 2 ' - ( 6 ' -h ydroxy­
m eth yl) p y r i d y l ] - l , 2 -d ibrom oethane was added in  c a . 50 mg q u a n t i t ie s ,  
th en  r e f lu x e d  fo r  30 m in u te s . The r e a c t io n  m ix tu re  was co n cen tra ted  
in  vacuo t o  g iv e  an o f f - w h it e  s o l id  r e s id u e ,  th a t  was s lu r r ie d  in  i c e  
w a ter . A near c o lo r l e s s  s o l i d  was removed by f i l t r a t i o n  and r e c r y s t a l ­
l i z e d  from e th y l  a c e t a t e  t o  a f fo r d  E - l , 2 - b i s [ 2 1- ( 6 1-h yd roxym eth y l) -  
p y r id y l]e th e n e  ( l 6UaK as c o lo r l e s s  c r y s t a l s :  mp 13Y-1^0°C ( l i t . 124 mp
ll|2-ll* l*°C ); NMR (CDC13 ) . 8U ( s ,  -CH^OH, U h), 7 .1 9  (d d , 5 -p yr-H ,
J = 6 .0 , 1 .0  Hz, 2H ), 7 .3 0  ( s ,  HC=CH, 2H ), 7 -3 5  (d d , 3 -p y r-H , J = 7 .0 , 1 .0  
Hz, 2H ), 7 .7 8  (dd , It-pyr-H , J = 7 -0 , 6 .0  Hz, 2H ).
The f i l t r a t e  was e x tr a c te d  w ith  d ich lo ro m eth a n e . The combined 
organ ic e x tr a c t  was washed w ith  a sa tu r a te d  s a l t  s o lu t io n ,  d r ie d  over  
anhydrous magnesium s u l f a t e ,  and co n cen tra ted  in  vacuo t o  a f fo r d  a 
sm all q u a n tity  o f  an u n id e n t i f ie d  o i l ,
l , 2 - D i l 2 , - ( 6 t-m e th y l)p y r id y l] - l ,2 -d ib r o m o e th a n e  (165b ) . 7® A 
chloroform  (25 mb) su sp en s io n  o f  1 , 2- b i s [ 2 ' - ( 6 '-m e th y l)p y r id y l]e th e n e  
(2 .5  g ,  12 mmol) was t r e a te d  w ith  brom ine ( 1 . 9  B» 12 mmol) in  c h lo r o ­
form (25 mL) as d e sc r ib e d  in  th e  above p ro ced u re . The crude dibrom ide  
was r e c r y s t a l l i z e d  from e th a n o l t o  g iv e  l , 2 - d i [ 2 ' - ( 6 ' -m e t h y l)p y r id y l] -
1 ,2 -d ib ro m o eth a n e , a s  a  y e llo w  s o l id :  h . 2  g  (9 5 $ ) ;  nip 2 1 1 -2 1 5 °C (d ec) ,
[ l i t . 70 mp 208- 209°C (d e c } ] .
b i s f 2 - (6-M ethyl)pyr id y l ] a c e t y le n e  ( l 66b ) . 70 1 ,2 - D i f 2 ' - ( 6 ' -  
m e t h y l ) p y r id y l ] - l ,2 -d ibrom oethan e ( l .O  g ,  2 . 7  mmol) was added t o  a 
m ethanol (20  mL) s o lu t io n  o f  potassium  h y d rox id e  (3  g ,  5  ^ mmol) as  
p r e v io u s ly  d e sc r ib e d  t o  a f fo r d  an o f f - w h it e  s o l i d .  T h is s o l i d  was
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re cry  s t a l l !  zed  from cy c lo h ex a n e  t o  g iv e  b i s [ 2 - ( 6 - m e t h y l) p y r id y lj -  
a c e t y le n e ,  a s  c o l o r l e s s  c r y s t a l s :  280 mg (.50$); mp 1 3 3 -1 3 6 °C , ( l i t . 70
mp 1 3 8 -1 3 9 °C )j NMR (CDC13 ) 6 2 .5 6  ( s ,  6 -p yr-M e, 6H ), 7 .1 0 - 7 .9 0  (m, p y r -  
H, 6H ).
A ttem p ted  P rep a ra tio n  o f  l , 2 - b i s r 2 ’ - ( 6 *-m e th y l)p y r id y l] e th e n e . To 
a  s lu r r y  o f  t ita n iu m  t r i c h l o r i d e - l i t h i u m  alum inium  h y d r id e  (3  e q u iv . /
1 e q u iv . ,  7 3 .2  m m ol/2l|.lt mmol) in  anhydrous d im eth oxyeth an e (300 mL), 
2 -h y d r o x y m e th y l-6 -m e th y lp y r id in e  ( 3 .0  g ,  2h . U mmol) was added. A fte r  
r e f lu x in g  f o r  l 6 h o u rs , th e  r e a c t io n  was w orked-up as d e s c r ib e d  above; 
an oran ge o i l  C3. 6l  g ) was i s o l a t e d  and d i s t i l l e d  t o  g iv e  unchanged  
s t a r t in g  m a t e r ia l ,  as a y e l lo w  o i l :  [6 0 2  mg; bp 106-110°C  (7*5 mm)
l i t . 123 bp 105'-110°C (lU  mm)]; and 2 , 6 -d im e th y lp y r id in e , a s  a  c o lo r ­
l e s s  o i l :  [ 1 .9  g (.13%) \ bp 1*8-52°C (7 -5  mm) l i t . 125 bp l l» 3 .8 °C ];  NMR
(CDC13 ) 6 2 .5 1  ( s ,  CH3 , 6H ), 6 .9 5  ( a ,  3 ,5 -p y r -H , J = 7 .0  H z, 2H ), 1 .b2  
Ct, U -pyr-H , J = 7 .0  Hz, 1 H )] .
1 . 2 - b i s f 2 t - ( 6 l -B ro m o )p y r id y l]b en zen e  ( 6l g . ) . A s o lu t io n  o f  1 ,2 -  
b i s [ 2 - ( 6 -brom o) p y r id y 1] a c e t y le n e  (5 . 0  g ,  lU .8  m m ol), hydroquinone  
(50 mg) and 2-p yron e ( 2 . 8 8  g ,  30  mmol) in  d ic h lo r o b e n z e n e  (50 mL) v a s  
r e f lu x e d  f o r  2b hours under n i t r o g e n .  A secon d  p o r t io n  o f  2-pyrone  
( 2 . 0  g ,  21 mmol) was added and t h e  s o lu t io n  r e f lu x e d  f o r  an a d d it io n a l  
2b h o u r s . The s o lu t io n  was c o n c e n tr a te d  in  vacu o  t o  a f f o r d  a  b la c k  
r e s id u e  ( 6 .U l g ) ,  w hich was colum n chrom atographed on s i l i c a  g e l  
e lu t in g  w ith  d ich lo ro m eth a n e , th e n  e t h y l  a c e t a t e  t o  a f fo r d  a  red  
r e s id u e . T h is  r e s id u e  was d is s o lv e d  in  h o t  95^ e th a n o l and d e c o lo r iz e d  
w ith  a c t iv a t e d  c h a r c o a l. A fte r  d i s s o l u t i o n ,  p a le  orange c r y s t a l s ,
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which p r e c ip i t a t e d ,  were c o l l e c t e d ,  th en  r e c r y s t a l l i z e d  in  cy c lo h ex a n e  
to  g iv e  1 , 2- b i s [ 2 1 -  ( 6 ' -b ro m o )p y r id y l]b en zen e , a s  c o l o r l e s s  n e e d le s :  
l * 1* g .
The 95% e th a n o l s o lu t io n  was c o n c en tr a ted  in_ vacuo t o  a f fo r d  a  
red  s e m is o l id ,  w hich was column chrom atographed on s i l i c a  g e l  e lu t in g  
w ith  e th y l  a c e t a te  t o  a f fo r d  an orange r e s id u e . T his r e s id u e  was 
d is s o lv e d  in  h o t 95% e th a n o l, th e n  t r e a t e d  as  d e scr ib e d  above t o  
a ffo rd  1 , 2 - b i s ( 2 1- ( 6 1 -brom o)p y r id y l]b e n z e n e : 1*00 mg (2&% o v e r a l l ) ;  
mp 173-17**°C; NMR (CDC13 ) 5 7 .1 8  (d d , 5 -p yr-H , J = 6 .0 , 3 .0  Hz, 2H ), 
7 .2 3 -7 .6 2  (m, arom-H, 6h) , 7 .6 6  (m, phe-H , 1*H); IR (KBr) 1 5 6 5 , 15**0, 
1U20, 138 5 , 126 0 , 122 0 , 7 9 0 , 750 cm- 1 ; MS t70 e /v )  m /e 390 (M+ , 1*3 . 958), 
309 CM+ - 8 0 , 1*2.8j8) ,  229 (m+ - l 6l ,  2 6 . 8 %),  203 (M+ - 1 8 7 , 17-058).
A n a l. C alcd . fo r  C x g H io ^ B ^ : C, 1*9.23; H, 2 ,5 6 ;  N , 7 -1 8 .
Found: C, 1*8.9**; H, 2.1*9; N, 6 . 9^-
1 .2 - b i s r 2 ' -C6 ’-M e th y l)p y r id y l]b en ze n e  ( 6l b ) . 121* A m ix tu re  o f  
b i s [ 2- ( 6-m e th y l)p y r id y l]a c e ty le n e  (H .0  g ,  1 9 . 2  mmol), 2-p yron e  ( 3 . 8  g ,  
1*0 m m ol), and hydroquinone (50  mg) in  1 ,2 -d ic h lo r o b e n z e n e  (1*5 mL) was 
r e f lu x e d  under a n itr o g e n  atm osphere f o r  1*8 h ou rs. The m ix tu re  was 
co n cen tra ted  in_ vacuo t o  a f fo r d  a  v is c o u s  b la c k  o i l , w hich  was 
d i s t i l l e d  to  g iv e  an o ran ge , h ig h ly  v is c o u s  o i l :  1*,2 g ,  bp 1 5 5 -l65°C
(0 .3 5  mm). T h is o i l  was r e d i s t i l l e d  t o  a f fo r d  1 ,2 - b i s [ 2 1 - ( 6 ' -m e th y l) -  
pyr id y l ]  b en zen e , as a  v is c o u s  y e l lo w  o i l :  3 .2  g (61*5S); bp ll*8-155°C
(0 .3  mm) ( l i t . 130 bp 110-lll*°C  ( 0 .2  mm)]; NMR (200MHz, CD2C12 ) 52.1*9 
( s ,  CH3 , 6h ) ,  6 .8 2  (d , 5-p yr-H , J = 8 .5  H z, 2H ), 6 .98  (d ,  3 -p y r-H ,
J=8 .5  Hz, 2H ), 7 .3 5  ( t ,  l*-pyr-H, J = 8 ,5  Hz, 2H ), 7 .5 2  (m, l* ,5-phe-H ,
2H), 7 .6 5  U ,  3 , 6-phe-H , 2H); IR (n e a t )  1 5 7 8 , ll*55 , 1 3 1 0 , 1 1 6 3 ,
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1003, 805 , 765 cm- 1 .
1 . 2-bi_s{ 2 1 - ( 6 1 -B rom om ethyl)pyridyl]benzene ( l 6l )  . 126 A benzene  
(lOOmL) s o lu t io n  o f  1 ,2 -M s J  2 ' - ( 6 1 -m eth y l) pyr id y l ]  benzene (2 .8  
g , 1 0 .7  mmol) and a z o is o b u ty r o n it r i le  I(AIBN), 50 mg] was tr e a te d  w ith  
N-brom osuccinim ide (If. 6 g ,  26 mmol) and illu m in a ted  w ith  a 150 w att 
lamp. A fter  s t ir r in g  and r e f lu x in g  under n itro g e n  f o r  12 h o u rs , th e  
red  su sp en sion  was e x tr a c te d  w ith  a 10$ aqueous s o lu t io n  o f  sodium 
carbonate (100 mL), w ater (100 mL), and then  co n cen tra ted  in  vacuo to  
a ffo rd  a red  o i l y  r e s id u e  C5.21 g ) .  T his red  r e s id u e  was column 
chromatographed e lu t in g  w ith  e th y l  a c e ta te  t o  a f fo r d  a m ixtu re (3 .8 1  
g l ,  which was aga in  column chromatographed e lu t in g  w ith  e th y l  a c e t a t e -  
cyclohexane ( l:U )  to  a ffo r d  a m ixtu re  ( l . 0U g) co n ta in in g  th r e e  major 
components. This m ixture was rechrom atographed (ThLC) e lu t in g  w ith  
e th y l a c e ta te -cy c lo h e x a n e  ( l : 5 ) t o  a ffo r d  th e  fo llo w in g  fr a c t io n s :
F ra c tio n  A gave 1 - 1 2 ' - ( 6 1-b rom om eth y l)p yrid y l]- 2 - 1 2 1- ( 6 ' -d ibrom o- 
m eth y l)p y r id y l]b en zen e  (1 7 0 ) , as a se m iso lid :  2*43 mg (5$)*, Rf = 0 .3 5
{ e th y l  a c e ta te -c y c lo h e x a n e  ( .1 :5 )];  HMR (CDCI3 ) 6^ ,39 ( s ,  -CH?Br, 2H ), 
6 .U8 Cs, CHBr2 , 1H ), 7 .0 5 -7 .8 0  (m, arom-H, 10H ); MS (70 e /v )  m/e 
U97 (M+ , lf.H $), Ul7 (M+ - 8 0 , 7 0 . 6$ ) ,  337 (M+ - 1 6 0 , 9 .9 % ) ,  257 (M+
-2 li0 , 3 0 .2 $ ) ,  217 (M+ -2 8 0 , 1 0 0 $ ) , 191 (2 6 .0 $ ) .
F ra c tio n  B a ffo rd ed  1 ,2 - b i s { 2 T- ( 6 *-b rom om ethyl)pyridyl]ben zene  
( l 6j ) ,  as a sem iso lid : 297 mg (7 $ ) ;  Rf =0,2U { e t h y l  a c e t a t e - c y c lo ­
hexane (1 :5 )]* , HMR (CDCI3 ) 6U.39 ( s ,  CHaBr, IfH), 6 .9 5 -7 .8 0  (m, arom-H, 
10H); MS (JO e /v )  m /e 1+18 (M+ , 1 1 .7 )6 ), 339 (M+ - 7 9 ,  9 8 $ ) , 337 (M+
- 8 1 , 8 8 .9 $ ) ,  257 (M* - l 6l ,  6 7 . 2$ ) ,  218 (M+ - 2 0 0 , 100$ ) ,  191 ( 2 2 . 6$ ) .
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P rep a ra tio n  o f  O rtho-pyrid in ophan e ( l 6 8 ) . An e th a n o l (25 mL) 
s o lu t io n  o f  1 , 2- h i s I 2 ’ -  ( 6 1 -b rom om eth y l)p yrid y l]h en zen e  (300  mg, 0 .7 2  
mmol) in  a co n sta n t a d d it io n  dropping fu n n e l and an e th a n o l (25 mL) 
s o lu t io n  o f  sodium s u l f i d e  nanohydrate (173 mg, 0 . 7 2  mmol) in  a 
second  co n sta n t a d d it io n  dropping fu n n e l were added dropw ise a t  a 
sim u ltan eou s r a te  t o  r e f lu x in g  e th a n o l 0*0 mL) over  1 .5  h o u rs. A fte r  
r e f lu x in g  fo r  22 h o u rs , th e  s o lu t io n  was c o n c en tr a ted  in  vacuo t o  
a f fo r d  a  red  s o l id  r e s id u e ,  w hich was s lu r r ie d  in  d ich lorom eth an e (20  
mL) and f i l t e r e d .  The f i l t r a t e  was co n cen tra ted  in  vacuo t o  a f fo r d  a 
s o l id  r e s id u e  (233 m g), w hich was chrom atographed (ThLC) e lu t in g  w ith  
e th y l  a c e ta te -c y c lo h e x a n e  1 ( 1 :^ } , 3x ] . t o  g iv e  th e  fo l lo w in g  f r a c t io n s :
F r a c tio n  A a ffo r d e d  o r th o -pyrid inophane 1 6 8 , a near c o lo r l e s s  
s o l id :  17 mg (8$ ) ;  mp l6 2 - l6 6 ° C ( d e c ) ; HMR (200 MHz, CD2C12 ) 5 3 ,8 3  ( s ,
(-H2 C)2 - S ,  U h), 7 .0 3  Cd, 5 -p y r-H , J = 7 .0  Hz, 2H ), 7 .U 5 -7 -7 5  (m, arom-H, 
10H); MS (70 e /v )  m /e 292 (M+ + 2 ,  1 .9 5 0 , 291 (M+ + 1 ,  6 .UjC)» 290 (M+ , 
2 3 .UZ), 258 (M+ -  3 2 , 3 2 .7 / 0 ,  257 (M+ -  3 3 , 100%), 2k3 (M+ -  b j , 9 .3 5 0 ,
2b2 (M+ -  1*8, 1 1 .7 3 0 , 228 (M+ -  6 2 , l l t . W ,  217 (M+ -  7 3 , 1 3 .2 * ) ,  20l*
(M+ -  8 8 , 23 .6% ) ,  182  (M+ -  1 0 8 , 17.335), 1^9 (9*55?), 128 ( 1 0 .9 /0 .
F r a c tio n  B gave 1 , 2- b i s I 2 1 -  ( 6 ' -th io m e th y l)p y r id y l] b enz ene ( l £1 ) ,  
as hrown s o l id :  l 8 mg ( 8 ^ ) ;  mp 1 7 8 - l8 l° C (d e c ) ;  HMR (CDC13 ) 6 2 .2 5  [ h s ,
-SH (exchanged D20 ) , 2H ], 3 .6 1  (h s ,  -CH2SH, U h), 7 -0 5  (d , 5 -p yr-H ,
J = 2 .0  Hz, 2H ), 7 .1 7  (d , 3 -p y r -H , J = 2 .0  Hz, 2H ),  7 . 1*0 -7 .8 5  (m, arom-H, 
6H); MS (70 e /v )  m /e 32** (M+ , 5 .3 5 0 , 322 (M+ -  2 ,  3 7 -9 5 0 , 321 (M+ - 1 ,  
10.8JC1, 258 (M+ -  6 6 , 57.65?), 257 (M+ -  6 7 , 100# ) ,  2l*3 (M+ -  8 1 , 11.735),
229 (M+ -  9 5 , 1 6 .7 5 0 , 219 (M+ -  1 0 5 , 1 6 .5 5 0 , 20l* ( m+ -  1 2 0 , 25.35?),
191 (1 0 . 05? ), 128 (15 .15?), 108  (10.235), 102 (5 .55?), b5 t b . l % ) .
R e su lts  and D isc u ss io n
O rganom etallic  r e a g e n ts  have lo n g  "been r e c o g n iz e d  as  p ow erfu l 
s y n th e t ic  t o o l s  th a t  have o f t e n  p la y ed  prom inent r o le s  in  s y n th e t ic  
s t r a t e g i e s .  O rganom eta llic  r e a g e n ts  were employed in  t h i s  r e se a r c h  t o  
transform  s im p le  h e t e r o c y c l ic  s u b s tr a te s  in t o  s y n t h e t i c a l l y  u s e f u l  
compounds. M ech a n istic  a s p e c ts  o f  th e s e  r e a g e n ts ,  w h ile  o f  i n t e r e s t ,  
were not th e  th r u s t  o f  th e s e  r e se a r c h  end eavors. B ecause t h e - compounds 
sy n th e s iz e d  and u t i l i z e d  in  subsequent r e a c t io n s  are  d iv e r s e ,  th e  
R e su lts  and D isc u ss io n  i s  d iv id e d  in t o  th r e e  m ain s e c t io n s :  I .
O rganom etallic  R ea ctio n s  w ith  H e te r o c y c lic  K eton es; I I .  O rgan om eta llic  
H e te r o c y c le s , P y r id in e  D ir e c te d  M e ta lla t io n s  and P o ly m e ta lla te d  
P y r id in e ; and I I I .  S y n th e s is  o f  H e te r o c y c lic  A c e ty le n e s  and R e la ted  
D e r iv a t iv e s .  These s e c t io n s  are p resen ted  in  th e  order l i s t e d .  W ith in  
each o f  th e s e  main s e c t i o n s ,  th e r e  are fu r th e r  s u b d iv is io n s  in  ord er  t o  
d escr ib ed  in  d e t a i l  t h i s  r e se a r c h  endeavor.
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I .  O rgan om eta llic  R ea ctio n s  w ith  H e te r o c y c lic  K e to n e s .
,  5 - D i a z a f lu o ren on e (^)* 1 , 8 -d ia z a f lu o r e n o n e  ( 2 ) ,  and 1 - a z a -  
flu oren on e (^ ) v ere  synthons in  a v a r ie t y  o f  r e a c t io n s .  O rgan om eta llic  
rea g en ts  were em ployed t o  tran sform  each  o f  th e s e  compounds in t o  th e  
d e s ir e d  p r o d u c ts . The ty p e s  o f  r e a c t io n s  and r e a g e n ts  in v o lv ed  v a r ie d .  
T h erefo re , in  order t o  th o ro u g h ly  and l o g i c a l l y  t r e a t  each  p a r t ic u la r  
r e a c t io n , a s  w e l l  a s  d e r iv ed  p r o d u c ts , t h i s  s e c t io n  i s  su b d iv id ed  into*, 
(a ) S y n th e s is  o f  H e te r o c y c lic  K eto n es; Cb) S y n th e s is  o f  A c e ty le n e -D io ls ; 
Cc} S y n th e s is  o f  Cumulenes; (d ) R e a ctio n s  o f  H e te r o c y c lic  K etones w ith  
Low. V alen t T itanium ; and (e )  O nychine, an A zaflu oren on e A lk a lo id .
Scheme IV "better i l l u s t r a t e s  th e  un ique r e la t io n s h ip s  betw een th e s e  
s u b d iv is io n s  and fu r th e r  in d ic a t e s  th a t  th e  h e t e r o c y c l ic  k e to n es  are
p iv o t a l  t o  each  o f  th e  s y n th e t ic  s e q u e n c e s .
SCHEME IV 
Ketone Precursors 
1° j  Reaction
Onychine "^“ Heterocyclic Ketones >  w /tow valent
Titanium
Acetylene—Diols
l c
Cumulated Trienes
S y n th e s is  o f  H e te r o c y c lic  K e to n e s . H, 5 -I iia za flu o ren o n e  Cl) and
1-a z a flu o re n o n e  Q )  w ere o b ta in e d  in  m oderate y i e l d  ( c a .  20%) by th e  
p otassiu m  perm anganate o x id a t io n  o f  1 , 10-p h e n a n th r o lin e  m onohydrate
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( 8 ^ ) ^  and 5 ,6 -h e n z o q u in o lin e  C8^b)5 , r e s p e c t iv e ly  tScheme V ).
SCHEME V
n
CO-H
KMnCh, n r r
88 C 0 2H
8 9
a. X = N, Y= CH
b. X = CH, Y= N
c . X =  Y=CH
The o x id a t io n s  p roceed  th ro u g h  t h e  quinone in te r m e d ia te  8^ , w hich un d er­
g o es  a f a c i l e  b e n z y l ic  a c id  rearrangem ent in  th e  b a s ic  m edia . T h is  
seq u en ce i s  t o t a l l y  an a lo g o u s t o  th e  rearrangem en t o f  n o n -h e te r o c y c l ic
( 8 £ c ) , th e  h y d ro x y -a c id  £0c m ust b e  h ea ted  in  a i r  in  ord er  t o  a f f e c t
spond ing  h e t e r o c y c l ic  a n a lo g s ,  d e c a r b o x y la t io n  and o x id a t io n  p roceed ed  
r a p id ly  in  s o lu t io n  w ith o u t th e  i s o l a t i o n  o f  th e  in te r m e d ia te  hyd roxy-
and o x id a t io n  o f  t h e s e  h e t e r o c y c l i c  compounds t o  t h e  s t a b i l i t y  o f  th e  
f i n a l  p r o d u c t , th e  a z a f lu o r e n o n e . A more p la u s i b l e  e x p la n a t io n  i s  th e  
enhanced a b i l i t y  o f  th e  h e t e r o c y c l i c  compounds t o  d e ld c a l i z e  th e  
n e g a t iv e  charge g e n e ra ted  a t  t h e  9 - p o s i t io n  d u rin g  t h e  colorse o f  
d e c a r b o x y la t io n . The a c t iv a t io n  energy o f  t h e  d e c a r b o x y la t io n -  
o x id a t io n  s t e p s  would b e  lo w ered  and th e r e b y  in d u ced  t o  p ro ceed  under
m odel n o n -h e te r o c y c l ic  sy s te m s , e . g .  p h en anth renequ inone
d e c a r b o x y la t io n  and su b seq u en t o x id a t io n .* 27 H ow ever, in  th e  c o r r e -
a c id  9 0 a .b .128W T O
G il la r d  and H i l l 128 a t t r ib u t e d  th e  sp on ta n eo u s d e c a r b o x y la t io n
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m ilder c o n d it io n s .
One m ajor drawback to  t h i s  permanganate o x id a t io n  proced u re, when 
ap p lied  t o  h e te r o c y c l ic  sy stem s, i s  th e  low  (1 0 -2 0 $ ) o v e r a l l  conver­
s io n . K etones ^la^b were r e a d ily  i s o la t e d  as b y-p rod u cts from th e  
o x id a tio n  procedure; w hereas, th e  main products were th e  corresp ondin g  
d ic a r b o x y lic  a c id s  8 ^ ^ .  A r e c e n t r e p o r t6 in d ic a te d  th a t  th e  y ie ld s  
o f  th e se  d e s ir e d  k eton es co u ld  be in c r e a s e d , w h ile  th e  y ie ld s  o f  th e  
d ic a r b o x y lic  a c id s  m in im ized. By th e  u se  o f  a more d i lu t e  permanganate 
o x id iz in g  medium and lo n g er  r e a c t io n  t im e , th e  y i e l d  o f  co u ld  be  
in creased  t o  55$. The y i e ld  o f  co u ld  be in c r ea se d  t o  80$ by u s in g  
d iio d id e  p en to x id e  in  a c e t ic  a c id  a s  th e  o x id a n t, in s te a d  o f  perman­
ganate ,
S in ce  d ic a r b o x y lic  a c id s  and were s ig n i f i c a n t  ( ca . 80$)
8£ja, r e s p e c t iv e ly ,  
a lte r n a te  methods "of c o n v er tin g  th e s e  a c id s  t o  th e  d e s ir e d  k eto n es  
were ex p lo red . The most f r u i t f u l  and l o g i c a l  ro u te  t o  from  
was p y r o ly s is  (360°C) o f  ca lcium  3 -p h e n y lp y r id in e -2 ,2 T-d ic a r b o x y la te  
($ 2 ); was is o la t e d  in  22$ y i e l d .
rs j
transform ed in t o  9Tb
■VIA/
when h ea ted  s tr o n g ly . These a l t e r n a t e  methods o f  preparing  jglb were 
p a r t ic u la r ly  v a lu a b le , in  th a t  an unwanted product cou ld  be c o n v e n ie n tly  
converted  in t o  th e  d e s ire d  k e to n ic  p r o d u c ts .
The corresp onding anhydride o f  89b was s im ila r ly
products in  th e  permanganate o x id a t io n  o f  87a and
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U ,5 -D ia za flu o ren o n e  was prepared by trea tm en t o f  1 ,1 0 -
p h en a n th ro lin e  monohydrate w ith  a n i t r a t in g  m ix tu r e , n i t r i c
a c id - s u l f u r ic  a c i d .3 ’ 10** The major n i t r a t io n  produ ct was 5 - n i t r o - l ,1 0 -  
p h en a n th ro lin e ; however l ,1 0 -p h e n a n th r o lin e -5 ,6 -q u in o n e  C88^) was a ls o  
i s o la t e d  i.5%) as a  minor s id e  p ro d u ct, which d u rin g  b a s ic  work-up under­
went a f a c i l e  b e n z i l i c  a c id  rearrangem ent t o  g iv e  G il la r d ,
e t  a l . 103 found th a t  th e  r e a c t io n  p r o f i l e  o f  p h en a n th ro lin e  n it r a t io n  
c o u ld  be a l t e r e d  t o  a ffo r d  a d d it io n a l  quinone by f i r s t  form ing a m eta l 
com plex, t r i s  Cl , 1 0 -p h e n a n th r o lin e ) c o b a l t ( I I ) p e r c h lo r a t e ,  fo llo w e d  by 
n i t r a t io n  o f  th e  com plex. N it r a t io n  o f  1 , 1 0 -p h e n a n th r o lin e  r ep re ­
s e n ts  one o f  th e  few  r e a c t io n s  th a t  compare th e  r e a c t i v i t y  o f  a m eta l 
io n  com plex v s  th e  fr e e  l i g a n d .1 2 8 5129 A r e la t e d  exam ple o f  a complex 
r e a c t in g  d i f f e r e n t ly  from th e  fr e e  l ig a n d  i s  th e  c o u p lin g  o f  t r i s ( 1 ,1 0 -  
p h e n a n th r o l in e ) ir o n ( lI ) w ith  azob en zen e. T his r e a c t io n  d oes not 
occu r w ith  th e  f r e e  l i g a n d .130
1 ,8 -D ia z a flu o r e n o n e  (2 ) was o b ta in ed  (k3%) by  a p p l ic a t io n  o f  th e  
p roced u re d e sc r ib e d  by Druey and Schm idt2 , which a g a in  in v o lv e d  a 
b e n z i l i c  a c id  rearrangem ent o f  U ,7 -p h e n a n th r o lin e -5 ,6 -q u in o n e  
iPhanquone .
The m ass sp e c tr a  o f  g ,  and £  a s  w e l l  a s  t h e i r  p h en a n th ro lin e  
p r e cu rso r s  sh a re  a  common mass s p e c t r a l  fra g m en ta tio n  p a t t e r n ,  which  
i s  ana lo g o u s  t o  th e  corresp on d in g  c a r b o x y lic  com pounds, ph en anth rene- 
quinone and 9 -f lu o r e n o n e . The mass spectrum  o f  9 -f lu o r e n o n e  (20 )'b'b
shows th e  i n i t i a l  l o s s  o f  CO t o  produce a b ip h en y len e  io n  which  
u n d ergoes fu r th e r  fr a g m e n ta t io n .131
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Scheme XY d e p ic t s  th e  g e n e r a l  fr a g m e n ta t io n  p a t te r n  f o r  1 ,1 0 -p h e n a n -
5 -d ia z a f lu o r e n o n e  ( i ) s 12B>132 an^ l^ 8 -d ia z a f lu o r e n o n e  ( g ) ,  a l l  o f  
w hich  p ro ceed  th rou gh  an a n a lo g o u s  d ia z a b ip h e n y le n e  io n  T h is io n
th e n  fragm en ts by tw o r o u t e s ,  l o s s  o f  C2H2 (.path A) or  l o s s  o f  HCN 
(p a th  B ), The peak i n t e n s i t y  in d ic a t e s  t h a t  1 ,8 -d ia z a f lu o r e n o n e  (£ )  
p r e fe r s  p a th  A , w h ile  5 -d ia z a f lu o r e n o n e  ( l )  shows o n ly  a  s l i g h t  
p r e fe r e n c e  f o r  p a th  B; s e e  Talale I .A .  K eats and Summers132 r ep o r ted  
t h a t  h as a  s tr o n g  te n d en cy  t o  fragm ent by p a th  A. G i l la r d  and H i l l , 128 
who in v e s t ig a t e d  th e  m ass s p e c t r a  o f  s e v e r a l  1 ,1 0 -p h e n a n th r o lin e  and 
h ip y r id y l  d e r i v a t i v e s ,  n o te d  t h a t  5 -d ia z a f lu o r e n o n e  and th e  su b se ­
quent d ia z a b ip h e n y le n e  a re  v e r y  s t a b le  io n s  ( r e l a t i v e  i n t e n s i t y  100#  
and U9 . 5# , r e s p e c t iv e ly )  and t h a t  m ost o f  th e  p h e n a n th r o lin e  d e r iv a ­
t i v e s  fragm ent v i a  t h e s e  i o n s .  The fr a g m e n ta tio n  p a t t e r n  o f  U,7 -  
p h e n a n th r o lin e -5 ,6 -q u in o n e s  and 1 ,8 - d ia z a f lu o r  enone (2 )  c o r r e la t e
w e l l  w ith  t h i s  s tu d y .
1 -A za flu o ren o n e  ( ^ ) and r e la t e d  compounds fragm ent by  a  r o u te  
id e n t i c a l  t o  t h a t  o f  t h e  p h e n a n th r o lin e  d e r iv a t iv e s  (Schem e V I I ) .
t h r o l in e - 5 ,6 - q u in o n e  ( £ ^ ) 5128 U ,7 -p h e n a n th r o lin e -5 ,6 -q u in o n e
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SCHEME VII
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A nhydride £ 8 , w hich  does n o t e x h ib i t  a  p a r e n t io n  peak Cm/e 2 2 5 ) ,  
fragm ents by l o s s  o f  CO2 e i t h e r  s t e p w is e  a s  i l l u s t r a t e d  in  p a th  B or  
d ir e c t ly  as shown in  p a th  A t o  g iv e  l - a z a f lu o r e n o n e  ( ^ ) . K etone ^ 
e a s i l y  l o s e s  CO t o  a f f o r d  1 ,2 -p y r id y lp h e n y le n e  1 0 0 , w h ich  fu r th e r  
fragm ents v i a  e i t h e r  l o s s  o f  C2H2 o r  o f  HCN.
The NMR s p e c t r a  o f  th e  iso m e r ic  d ia z a f lu o r e n o n e s  ^ and 2 ,  e x h ib i t e d  
a d o u b le t o f  d o u b le t  (dd) p a t te r n  c h a r a c t e r i s t i c  o f  t h e s e  sym m etr ica l 
k e to n e s . The p r o to n s  a t o  n itr o g e n  in  k e to n e s  1  ( .3 ,6 -h y d r o g e n s) and 
2 ( 2 , 7-h y d r o g e n s ) ab sorb ed  a t  6 8 .7 5  w ith  c o u p lin g  c o n s ta n ts  o f  5 . 0  and 
2.0H z and a t  6 8 . 6 2  w ith  c o u p lin g  c o n s ta n t s  o f  5 .0  and 1 ,5 H z , r e s p e c ­
t i v e l y .  The p r o to n s  y  t o  n itr o g e n  in  jj. ( l , 8-h y d ro g en s 1 and g  (U ,5 -  
hyd rogens) ab sorb ed  a t  67 -91  (J = 8 .0 , 2 .0 H z) and a t  6 7 . 2 9  (.J=7*5, 1 .5 H z ) ,  
r e s p e c t iv e ly .  U nsym m etrical a z a flu o r e n o n e  ^ e x h ib i t e d  a more com plex  
HMR spectru m . A d o u b le t o f  d o u b le t p a t t e r n  f o r  th e  p r o to n s  a and y 
t o  n itr o g e n  appeared  a t  6 8 .5 2  CJ=5*0, 1 .5 H z) and a t  6 7 . 8l  ( j = 8 .0 ,  1 .5 H z ) ,  
r e s p e c t iv e ly .
The in f r a r e d  s p e c tr a  o f  t h e s e  k e to n e s  and 2 e x h ib i t e d  s tr o n g
ca rb on y l ab sorb an ce a t  1 7 2 5 , 1 7 3 0 , and 1775 cm * , r e s p e c t i v e l y .
S y n th e s is  o f  A c e t y le n e - D io ls . The g e n e r a l  p roced u re  u se d  to
prepare a c e t y l e n e - d io l s  i s  shown in  Scheme V I I I ,
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The m eta l a c e t y l id e  adds s e q u e n t ia l ly  t o  one carb on y l u n it  to  g iv e  
an a c e t y le n ic  a lc o h o l ,  w hich con d en ses w ith  a second ca rb o n y l u n it  t o  
a ffo r d  th e  1 ,U -a c e t y le n e - d io l  O rgan om eta llic  r e a g e n ts  u sed
(Scheme V III )  were a c e t y le n e b i s (magnesium b rom id e), sodium a c e t y l id e ,  
and l ith iu m  a c e t y l id e  e th y le n e d ia m in e  com plex. Each o f  th e s e  
r ea g e n ts  has advantages a s  w e l l  a s  d isa d v a n ta g es  in  t h e i r  r e a c t i v i t y  
and p rep a ra tio n . However, b e fo r e  th e s e  fa c to r s  are  co n s id e re d  a b r i e f  
g e n e r a l d e s c r ip t io n  about o r g a n o m e ta llic  r e a g e n ts  i s  w arranted .
O rganom etallic  r e a g e n ts  o f t e n  form d im ers, tr im e r s ,  an d /or  h ig h er  
a g g reg a tes  in  s o l u t i o n .1 -^ The s tr u c tu r e  and number o f  a g g r eg a te s  
depend on th e  s o lv e n t ,  n a tu re  o f  th e  o rg a n ic  m o ie ty , and tem p era tu re . 
B o il in g  p o in t  e le v a t io n  s tu d ie s  on s im p le  a lk y l l i th iu m  compounds in  
e th e r  in d ic a te  th a t  a g g r eg a te s  can range from dim ers t o  p en tam ers, 133 
G rignard r e a g e n ts ,  which a re  govern ed  by th e  S ch len ck  e q u il ib r iu m , 134 
appear t o  be monomers in  te tr a h y d r o fu r a n  and d ie t h y l  e th e r  a t  low  
c o n c e n tr a t io n . 135 J u st as th e  s tr u c tu r e s  o f  o rg a n o m eta llic  r ea g e n ts  
in  s o lu t io n  d i f f e r ,  th e  r e a c t i v i t i e s  o f  o r g a n o m e ta llic s  som etim es v a ry . 
A lk y llith iu m  compounds add sm ooth ly  t o  k e t im in e s , w h ile  Grignard  
r ea g e n ts  s im p ly  reduce k e t im in e s . 136 Organosodium r e a g e n ts  cau se  
acetophenone t o  e n o l i z e ,  bu t G rignard r e a g e n ts  and o rg a n o lith iu m s  
undergo 1 ,2 - a d d i t io n . 137 The c o n s is t e n c y  o f  o r g a n o m eta llic  r ea g e n ts  
in  s o lu t io n  a ls o  v a r ie s ;  sodium  a c e t y l id e  in  te tra h y d ro fu ra n  i s  a 
c o lo r l e s s  s lu r r y ;  w hereas a c e t y le n e b i s  (magnesium bromide), i s  a r ed d ish  
s e m is o l id .  T h ere fo re , o f  th e  th r e e  o r g a n o m eta llic  r e a g e n ts  u sed ;  
a c e t y le n e b is  (magnesium b ro m id e), sodium a c e t y l id e ,  and l ith iu m  
a c e t y l id e  e th y len ed iam in e  com plex each  p a r t ic u la r  rea g en t v a r ie s  in
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b oth  s tr u c tu r e  and r e a c t i v i t y .
U, 5~D iazaflu oren on e Q .)» 1 -a z a flu o r e n o n e  (^ ) ,  and 9 -f lu o r e n o n e
d i o l s .  The m ethyl d e r iv a t iv e s  o f  U, 5 -d ia z a f lu o r e n o n e , l s8 -
d ia z a flu o r e n o n e , and 1 -a z a f lu o r e n o n e , r e s p e c t iv e ly ,  w ere prepared  
Cca . 33%) by a d d it io n  o f  th e  k e to n e  t o  a  s t i r r e d  te tr a h y d ro fu ra n  
s o lu t io n  o f  methylm agnesium  brom ide. T hese r e a c t io n s  - serv ed  t o  g a in  
ex p er ien ce  in  h a n d lin g  o r g a n o m e ta llic  r e a g e n ts  and fu r th e r  t o  probe  
th e  r e a c t i v i t y  o f  th e  ca rb o n y l u n i t  p r io r  t o  a ttem p tin g  th e  g e n e r a t io n  
and a d d it io n  o f  m eta l a c e t y l id e s .
A c l a s s i c a l  m eta l a c e t y l id e  em ployed in  t h i s  ty p e  o f  r e a c t io n  i s  
a c e ty le n e b i s ( magnesium b ro m id e), g en era ted  by p a ssa g e  o f  a c e ty le n e
e th y le n e b i s - 9 a- f lu o r e n o l  (1 2 ) in  u n s p e c if ie d  y i e l d .  F o llo w in g  
t h e ir  p roced u re, j^ 2 was p rep ared  ( 6$ ) ,  The p r e p a r a t io n  o f  12 serv ed  
as a m odel fo r  th e  r e a c t io n  o f  U ,5 -d ia za flu o r en o n e  w ith  th e  G rignard  
a c e t y l id e .
(2 0 ) w ere th e  s p e c i f i c  k e to n es  u sed  in  th e  s y n t h e s is  o f  a c e t y le n e -
105 106 107
through a s o lu t io n  c o n ta in in g  ethylm agnesium  b rom id e.^'"10 E dinger  
and D ay, 9 u sed  a c e ty le n e b i s ( magnesium brom ide) t o  p rep are  9 , 9 ' -
2 0
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R ea ctio n  o f  d ia z a flu o r en o n e  jj. w ith  a c e t y le n e b i s  (magnesium brom ide) 
afforded, unchanged s t a r t in g  m a t e r ia l .  T h is  r e a c t io n  in d ic a te d  th e  
fo l lo w in g  drawbacks: ( l )  th e  a c e ty le n e  g a s  i n l e t  fr e q u e n t ly  g o t
p lu g g ed , and th u s  r e q u ir e s  c o n s ta n t  m a in ten an ce; and (2 ) th e  la c k  o f  
a method t o  r e a d i ly  d eterm in e when a l l  a c e t y le n e b i s (magnesium brom ide) 
i s  g e n e r a te d , i . e .  th e r e  i s  no end p o in t  fo r  th e  a c e ty le n e  a d d it io n .  
The fo l lo w in g  method o f  g e n e r a t in g  m e ta l a c e t y l id e  in  p a rt c ircum ­
v en ted  t h e s e  problem s.
A more v ia b le  r o u te  t o  th e  a c e t y le n e - d io l s  was v ia  sodium
a c e t y l id e .  The method u sed  t o  g e n e r a te  sodium  a c e t y l id e  in co rp o ra ted
a co n v en ien t c o lo r  change w hich p e r m itted  an end p o in t  d e te r m in a tio n .
Sodium m eta l was added t o  a s t i r r e d  te tr a h y d ro fu ra n  s o lu t io n  o f  e i t h e r
b ip h en y l or  n a p h th a len e . An e le c t r o n - t r a n s f e r  from th e  m eta l t o
arom atic n u c leu s  occu rred  produ cin g a b lu e  s o lu t io n ;  p assage  o f
a c e ty le n e  throu gh th e  s o lu t io n  g e n e ra ted  a  c o lo r l e s s  s lu r r y  o f  sodium
a c e t y l id e .  When a l l  t r a c e s  o f  c o lo r  had d isa p p ea red  from th e  r e a c t io n
m ix tu r e , th e  sodium a c e t y l id e  was c o m p le te ly  form ed. T h e re fo r e , an
end p o in t  was u t i l i z e d  tScheme IX ).
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9-F luorenone was tr e a te d  w ith  sodium a c e t y l id e  and th en  hydrolyzed  
w ith  d i lu t e  m in era l a c id  t o  g iv e  ^  in  19$ y i e l d .  ^ ,5 -D ia za flu o ren o n e , 
tr e a te d  w ith  sodium hydride p r io r  t o  r e a c t io n  to  remove t r a c e s  o f  
water o f  h y d ra t io n , * 35 was r e a c te d  w ith  sodium a c e t y l id e  t o  o b ta in  th e  
expected  a c e t y le n e - d io l  Scheme IX o u t l in e s  th e  r e a c t io n  sequence
fo r  A c e ty le n e -d io l  1 .^ i s  a  h ig h  m e lt in g  s o l i d ,  which i s  ex trem ely  
in s o lu b le  in  m ost organ ic  s o lv e n ts .  T h is was a  major fa c to r  which 
impeded th e  p u r i f ic a t io n  and com plete i d e n t i f i c a t io n  o f  t h i s  a c e ty le n e -  
d io l .  In  v iew  o f  th e  m inim al s o l u b i l i t y  in  common organ ic  s o lv e n t s ,  
th e  NMR spectrum o f  was ob ta in ed  in  t r i f lu o r o a c e t ic  a c id , The 
spectrum shows a broad r a u lt ip le t  a t 68 .2  fo r  th e  2 , 7 -hydrogens and a 
m u lt ip le t  5 8 .8  fo r  th e  rem aining arom atic hydrogens.
When 1 -a za flu o ren o n e  was tr e a te d  w ith  rea g en t unchanged
s ta r t in g  m a te r ia l was i s o la t e d .
A con ven ien t procedure to  g en era te  in  s i t u  sodium a c e t y l id e  
has been d e sc r ib e d , 13 1 , 2 -Dibrom oethane was tr e a te d  w ith  sodium amide 
in  hexam ethylphosphorus tr ia m id e  CHMFT) t o  a ffo r d  sodium a c e t y l id e  v ia  
a didehydrobrom ination . When H, 5 -d ia za flu o ren o n e  was tr e a te d  ■under 
th e se  c o n d it io n s , ^  was i s o la t e d  in  t r a c e  q u a n t i t ie s .
Lithium  a c e t y l id e  eth ylen ed iam ine com p lex ,11* a s ta b le  c r y s t a l l i n e  
m etal a c e t y l id e ,  was e a s i l y  prepared in  good y i e ld  by th e  p assage  o f  
a c e ty len e  through a  s o lu t io n  o f  H -lith io e th y le n e d ia m in e . The 
s t a b i l i t y  o f  t h i s  m eta l a c e t y l id e  was a t t r ib u te d  t o  th e  a b i l i t y  o f  
ethylened iam ine t o  complex l i t h iu m .llta  M onolithium  a c e t y l id e  in  l iq u id  
ammonia C-33°C) i s  a s ta b le  compound, but a ttem p ts t o  i s o l a t e  th e  r e ­
agent r e s u l t  in  d isp r o p o r tio n a tio n  and form ation  o f  d il i th iu m  a c e t y l id e ; 15
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th e r e f o r e ,  l iq u id  ammonia s t a b i l i z e s  th e  o rg a n o m eta llic  r e a g e n t . In  
com parison, e th y len ed ia m in e  i s  a b le  t o  s t a b i l i z e  m onolithium  a c e t y l id e  
as a c r y s t a l l i n e  compound a t  h ig h e r  tem p era tu res  0 *5c>C );il}a  th u s  
g iv in g  r i s e  t o  a  more u s e f u l  a c e t y l id e  r e a g e n t .
L ithium  a c e t y l id e  e th y le n e d ia m in e  com plex norm ally  r e a c ts
w ith  a k eton e  t o  produce an e th y n y lc a r b in o l  10^ .
R
R
> = 0  +  LiC =  CH-H 2 N(CH2 )2 NH2
14
-> R- C=CH +  H2 N(CH2 )2 NH2
R
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A com peting r e a c t io n ,  e s p e c ia l ly  in  s o lv e n t s  o f  low d i e l e c t r i c  c o n s ta n t ,  
i s  m e ta l la t io n  o f  10£  and fu r th e r  r e a c t io n  w ith  a second k e to n e  t o  
y i e l d  a  l ,U -b u ty n e -d io l
As a m od el, 9 -f lu o r e n o n e  was t r e a t e d  w ith  lU in  benzene or  p -—
d ioxan e ( s o lv e n t s  o f  low  d i e l e c t r i c  c o n s ta n t)  in  an attem p t t o  g en era te  
th e  d e s ir e d .l ,L - b u t y n e - d io l .  However, t h i s  procedure a ffo r d e d  o n ly  
unchanged 9- f lu o r e n o n e .
Of th e  m ethods f o r  th e  s y n t h e s is  o f  l , l t - a c e t y l e n e - d i o l s ,  th e  b e s t  
r e s u l t s  w ere o b ta in ed  b y  th e  u se  o f  sodium  a c e t y l id e  g en era ted  from  
a d i s s o lv in g  m e ta l p ro ced u re. For exam p le , a c e t y le n e - d io l  11 was 
s u c c e s s f u l ly  prepared  by t h i s  m ethod. The o v e r a l l  p ro g ress  o f  t h i s
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sequence was however impeded by s o l u b i l i t y  problem s, 5-d ia z a ­
flu orenon e has o n ly  l im ite d  s o l u b i l i t y  in  e th e r e a l s o lv e n ts  ( l 2mg/mL 
in  THF and 1.3mg/mL in  d ie th y l  e th e r )  and fu r th e r  by d i f f i c u l t y  in  
o b ta in in g  s u f f i c i e n t  q u a n t it ie s  o f  s t a r t in g  m a te r ia l ,  5-d ia z a ­
flu orenone and 1 -a z a flu o r e n o n e .
S y n th es is  o f  Cnnrulenes. 1 ,U -A c e ty le n e -d io ls  are  con verted  to
th e corresp ondin g b u ta tr ie n e  by r ed u c tio n  o f  th e  d io l .  Many r e a g e n ts ,  
such as s u l f u r ic  a c id -p o ta ssiu m  io d id e , 9 ’ 10 b yd ro iod ic  a c id - io d in e , 19 
stannous ch lo r id e-h y d ro g en  c h lo r id e 1 2 ’ 17 and phosphorus tr ib ro m id e-  
p y r id in e , 20 have s u c c e s s f u l ly  brought about t h i s  tra n sfo rm a tio n  w ith  
a v a r ie t y  o f  a lk y l  and a r y l s u b s tr a te s . F isc h e r 139 has provided  an 
e x c e lle n t  d is c u s s io n  o f  th e s e  rea g en ts  in  h i s  rev iew  o f  cum ulenes, A 
r ea g e n t, th a t  i s  n o t commonly encountered in  th e s e  ty p e s  o f  r e a c t io n s ,  
i s  diphosphorus t e t r a io d id e , 21 which has been u t i l i z e d  in  th e s e  
la b o r a to r ie s  t o  con vert p y r id y l b u ty n e -d io ls  t o  th e  correspondin g  
b u ta tr ie n e s  in  rea so n a b le  y i e l d . 7 ’ 0 Diphosphorus t e t r a io d id e  i s  
p a r t ic u la r ly  u s e f u l ,  when th e  b u ty n e -d io l i s  s e n s i t iv e  to  a c id -  
c a ta ly z ed  rearran gem en ts, e .g .
Although rearrangem ents should  p r e se n t no problem s in  th e  f lu o r e n y l-  
b u t y n e - l ,U - d io ls , diphosphorus te t r a io d id e  was used  t o  con vert 9 »9 '~  
e th y n y le n e b is -9- f lu o r e n o l  (1 2 ) t o  th e  red  c r y s t a l l in e  b isb ip h e n y le n e ------  'Wi ------
b u ta tr ie n e  (J^l*
Py Py 
17 Ph Py
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The UV/VIS spectrum  o f  cumulene ^  e x h ib it s  a s tro n g  ab sorp tion  a t  
1*83 unis a- c h a r a c t e r is t ic  a b so rp tio n  fo r  cum ulenes. When 9 ,9 1 — 
eth y n y len eb isj-1* , 5“d ia z a f lu o r e n -9- o l  was tr e a te d  w ith  diphosphorus
t e t r a io d id e ,  on ly  unchanged s ta r t in g  m a te r ia l was reco v ered . T his  
u n r e a c t iv ity  may be accounted fo r  by th e  v ery  l im ite d  s o lu b i l i t y  o f
Further s tu d ie s  in  an attem pt t o  circum vent th e se  problems were 
not undertaken in  l i g h t  o f  th e  numerous u n fo reseen  d i f f i c u l t i e s :  
sy n th e t ic  u n a v a i la b i l i t y  o f  s ta r t in g  k e to n e s , low  k eton e to  d io l  
co n v ers io n , and th e  i n s o lu b i l i t y  o f  th e  h e te r o c y c l ic  d io l s .
R eaction s o f  H e te r o c y c lic  K etones w ith  Low V alent T itanium . A 
v a r ie t y  o f  a l ip h a t ic  and arom atic a ldehydes and k eton es has been  
r e d u c t iv e ly  coup led  u s in g  low  v a le n t  t ita n iu m  r e a g e n ts , 22,23 The 
o v e r a l l  r e a c t io n  i s  d e p ic te d  in  Scheme X.
The a c t iv e  t ita n iu m  rea g en t i s  prepared by r ed u c tio n  o f  e ith e r  
tita n iu m  t r ic h lo r id e  or t ita n iu m  te tr a c h lo r id e  w ith  lith iu m  aluminium
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hyd rid e or  a m eta l such as  sodium l i t h iu m , potassium  or z i n c . 2 2 ,2 3 , 2 5  
McMurry and Mukaiyama have each u t i l i z e d  low  v a le n t  t ita n iu m  t o  
accom p lish  in t r a -  and in te r m o le c u la r  r e d u c t iv e  co u p lin g  on numerous 
s u b s t r a t e s , 22,23  There w ere , h ow ever, no exam ples o f  • th e  u s e  o f  low  
v a le n t  t ita n iu m  to  r e d u c t iv e ly  c o u p le  h e t e r o c y c l ic  k e to n e s , A s e r i e s  
o f  h e t e r o c y c l ic  k e to n es  has now "been t r e a t e d  w ith  low  v a le n t  t ita n iu m .
B efore  d is c u s s in g  th e  r e a c t io n  o f  low  v a le n t  tita n iu m  w ith  h e te r o ­
c y c l i c  compounds, a "brief ov erv iew  o f  th e  mechanism i s  n eeded . The 
p o s tu la te d  mechanism2 6 933 i s  d e p ic te d  in  Scheme X I.
SCHEME XI X
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The f i r s t  s te p  o f  th e  mechanism in v o lv e s  t r a n s f e r  o f  an e le c tr o n  from  
T i° t o  th e  carb on yl compound. A p in a c o l  co u p lin g  r e a c t io n  o c c u r s , f o l ­
lowed by d eoxygen ation  o f  ^L2 or by T iC lI l )  or TiCrv). McMurry26927 
s ta te d  th a t  in ter m e d ia te  11^ i s  th e  "most l ik e ly "  s p e c ie s  and prob ab ly  
c o l la p s e s  in  a non con certed  manner t o  g iv e  th e  r e s p e c t iv e  o l e f i n .
In  order t o  g a in  knowledge in  h a n d lin g  th e  t ita n iu m  rea g en t two  
c a r b o c y c lic  k e to n e s , 9- f lu o r e n o n e  and benzophenone, were tr e a te d  w ith  
low  v a le n t  tita n iu m  g en era ted  from t ita n iu m  t r ic h lo r id e - l i t h iu m  
alum inium h yd rid e  (method a l  t o  g iv e  (_ca. &5%) b i s ( f lu o r e n y l id e n e )
(.2 1 ) and te tr a p h e n y le th e n e  ( 2^ 1, r e s p e c t iv e ly .
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The KMR spectrum  o f  th e  red  c r y s t a l l i n e  showed a m u lt ip le t  a t  6 8 ,2  
fo r  th e  1 , 8-h y d ro g en s, whose p o s i t io n  i s  due to  th e  c lo s e  p ro x im ity  
o f  th e  arom atic  r in g s .  S in c e  t h e s e  compounds w ere prepared  in  y i e ld s  
c o n s is t e n t  w ith  p u b lish ed  v a l u e s , th e  q u a l i t y  o f  th e  t ita n iu m  rea g e n t  
and r e a c t io n  c o n d it io n s  w ere s im i la r  t o  th o s e  d e sc r ib e d  in  th e  
l i t e r a t u r e .
3 -B e n z o y lp y r id in e  ( l lU )  was t r e a t e d  w ith  low  v a le n t  t ita n iu m  
g en era ted  by method a to  g iv e  th e  iso m e r ic  E - and Z _-l,2 -d ip h en y1 - 1 ,2 -  
b is  (3 ' - p y r id y l ) e th en e  ( ^ 5 ) .
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The iso m ers w ere e a s i l y  se p a r a te d  by chrom atography (.TbLC) and i d e n t i ­
f i e d  by E u - s h i f t  [EuCFOD^] MMR s t u d ie s ;  s e e  F ig u res  1  and 2 . The 
f i r s t  and m ost obviou s c h a r a c t e r i s t i c  o f  t h e s e  s p e c tr a  i s  th e  5 ppm 
d o w n fie ld  s h i f t  o f  th e  2 , 6 -p y r id y l  hydrogens a t  21$ m ole r a t io  o f  
EuCFODla. T h is  s h i f t  con firm ed  th a t  th e  E u - s h if t  r ea g e n t was 
co o rd in a ted  w ith  th e  n itr o g e n  atom s. The com parative s h i f t  v a lu e  o f  
th e  o r th o -phen yl h yd rogen s, d e c o u p lin g  e x p er im en ts , and th e  com parison  
o f  th e  arom atic  r e g io n  Cc a . 67 ) p e r m itted  th e  i d e n t i f i c a t i o n  o f  th e  
g e o m e tr ic a l iso m e r s . D ecou p lin g  exp erim en ts condu cted  on th e  ^ -iso m er  
o f  a t  21$ m ole r a t io  o f  EuCF0D) 3 a llo w ed  assign m en t o f  s ig n a ls
Figure 1. 1H NMR ClOO MHz) s p e c t r a  o f  ( E ) - ^ ^  a t  30°C in  CDCI3 s o lu t io n  
c o n ta in in g  th e  s u b s t r a t e  ( 0 . l 6 m) a t  v a r io u s  m ole r a t io s  o f  
E u (fo d )3 : (a )  0%; (h )  1%\ ( c )  3%\ (d ) 1 1 # ;  ( e )  21# .
_! V^ ~
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(d)
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F ig u re  2 . 2H NMR (100 MHz) s p e c tr a  o f  (Z_)-;j^> a t  30°C in  CDCI3 s o lu t io n  
c o n ta in in g  th e  s u b s tr a te  C0 . l 6 M) a t  v a r io u s  m ole r a t io s  o f  
E u (fo d )3 : (a )  0j£; Cb) 1* ; Co) (d ) lljS ; Ce) 21J5.
A V
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appearing f a r th e s t  dow n field  ( j ig u r e  2 ) .  I r r a d ia t io n  o f  th e  "broad 
s in g le t  a t  6 1 2 .8  (Z -isom er) c o lla p se d  th e  s ig n a l  Cdd) a t  6 8 ,5  t o  a 
d o u b le t, th ereb y  confirm in g  th e  s in g le t  a t  6 1 2 .8  as th e  6 -p y r id y l  
hydrogen and th e  c o lla p s e d  s ig n a l  a t  6 8 .5  as th e  5-p y r id y l  hydrogen. 
These sp e c tra  a ls o  showed th a t th e  s ig n a l  fo r  th e  2 ,6 -p y r id y l  hydrogens 
o f  th e  E-isom er appears fa r th e r  d o w n fie ld  than  th e  correspondin g  
hydrogens o f  th e  Z -isom er. The o r ie n t a t io n  in  th e  E -isom er a llo w s  
c lo s e  co n ta c t o f  th e  E u -s h if t  rea g en t t o  th e  n itro g e n  atom. S in ce  
th e se  n itro g e n s  are d ir e c te d  away from one a n o th er , th e  E u -s h if t  
reagent undergoes f a c i l e  co o rd in a tio n  w ith  th e  n itr o g e n  atom s. How­
ever , th e  o r ie n ta t io n  in  th e  Z -isom er, where th e  n itr o g e n s  a re  in  c lo s e  
proxim ity  ca u ses  some crowding o f  th e  E u -s h if t  rea g en t a s  i t s  co o rd i­
n a te s , which r e s u l t s  in  l e s s  c o n ta c t betw een th e  Eu and th e  n itro g e n  
atom. T h erefo re , th e  degree o f  change o f  chem ical s h i f t  o f  ^ ^ -E u  in  
th e  Z-isom er was d im in ished .
Mass s p e c t r a l  d ata  o f  th e  two isom ers e x h ib ite d  a s tro n g  parent 
ion  a t  m/e 33  ^ (.100$ ) and n ea r ly  id e n t ic a l  fragm en ta tion  p a tte rn s  
d if f e r in g  o n ly  s l i g h t l y  in  r e la t iv e  i n t e n s i t i e s .
When U, 5 -d ia za flu o ren o n e  was t r e a t e d  w ith  low  v a le n t  t ita n iu m  
under th e  c o n d it io n s  o f  method a ,  b i s  (A , 5-d ia z a f lu o r e n y lid e n e ) Q ^) 
was ob ta in ed  as a d ih y d ra te . The s tr u c tu r e  o f  d ih y d ra te  ^  was 
confirm ed by mass s p e c tr a l  data  and by th e  HMR spectrum , which  
e x h ib ite d  a broad s in g le t  a t 6^ .80  th a t  exchanged w ith  D2O. Attem pts 
to  th erm ally  dehydrate 10 r e s u lt e d  in  s tr u c tu r a l  d ecom p osition .
0
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The above exam ples have d e a lt  w ith  r e d u c t iv e  co u p lin g  o f  carb onyl 
u n its  t o  a ffo r d  sym m etrical o l e f i n s .  U nsym m etrical o le f in s  can a ls o  
be prepared by u s in g  t h i s  same method. McMurry34 f i r s t  rep o rted  t h i s  
ty p e  o f  unsym m etrical co u p lin g  between acetophenone (1^6 ) and 9-  
flu oren on e (2 0 ) ,  in  which th e  unsym m etrical o l e f i n  3  ^ would be formed.r\y\j q  't/Vi
sp +
116
 >
3 5
R eductive cou p lin g  t o  y i e ld  unsym m etrical o l e f i n s  occu rred  in  la r g e r  
than s t a t i s t i c a l  am ounts, s in c e  th e  two k eto n es have d if f e r in g  
a b i l i t i e s  t o  accep t and s t a b i l i z e  e le c t r o n s .  The energy requirem ent 
t o  9-flu o ren o n e  to  a ccep t two e le c tr o n s  from  tita n iu m  i s  low er '.than 
th a t  o f  acetophenone to  a ccep t one e le c t r o n .  T h ere fo re , th e  anion  
o f  9-flu o ren o n e  was gen era ted  in  p r e fe re n c e  o f  th e  r a d ic a l  o f  
acetophenone. The an ion  o f  9 -flu .oren one th en  condensed in  an " a ld o l  
fash ion "  w ith  acetophenone t o  a f fo r d  th e  unsym inetrical o le f in
A m ixed r e d u c tiv e  co u p lin g  betw een li, 5 -d ia za flu o ren o n e  ( l )  and 
9 -flu o ren o n e  (20) a ffo rd ed  o l e f i n  3^18. When an eq u a l molar m ixture  
o f  1 and 20 was tr e a te d  w ith  low  v a le n t  t ita n iu m  (method a ) ,  a mixed 
cou p lin g  occurred t o  g iv e  th e  unsym m etrical o l e f i n  118 along w ith  b i s -'Wli  ■
( f lu o r e n y lid e n e ) .
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The a b i l i t y  o f  1*, 5 -d ia z a f  lu o r  enone t o  a ccep t and s t a b i l i z e  e le c ­
tro n s  i s  about 1 0 5 tim es g r e a te r  than  th e  a b i l i t y  o f  9-f lu o r e n o n e , 36 
T h erefore , in  th e  p resen ce  o f  e le c tr o n  donors such as low  v a le n t  
t ita n iu m , ^ ,5-d ia za flu o ren o n e  e x i s t s  alm ost co m p le te ly  as an ion  jLl£ 
and not th e  corresponding r a d ic a l .  In  th e  r e d u c t iv e  co u p lin g  r e a c t io n ,  
anion 11^ would condense in  a ld o l  fa sh io n  w ith  9-f lu o r en o n e  w ith  then  
subsequent deoxygenation  t o  g iv e  ^L8 . The sym m etr ica lly  coup led  pro­
duct o f  2 0 , 21 was formed in  g r e a te r  y i e l d ,  b u t t h i s  can be accountedWi 'Wi
fo r  by th e  s o l u b i l i t y  d if fe r e n c e s  between k eto n es 1 and 2 0 .
1 ,8 -D ia za flu o ren o n e  (.£) was tr e a te d  w ith  th e  t ita n iu m  reagen t  
gen erated  by method & to  g iv e  predom inantly an in s o lu b le  b la ck  s o l id ,  
in s te a d  o f  bisC l , 8-d ia z a f lu o r e n y lid e n e ) and tr a c e s  ( l$ )  o f  a
reduced compound Crop 1^3°C ), Sodium borohydride r e a c t io n  o f  1 ,8 -  
d ia za flu o ren o n e  a ffo rd ed  th e  corresp ondin g a lc o h o l . Comparison 
o f  s p e c tr a l  d ata  confirm ed th a t  th e  compound m e ltin g  a t  1^3°C was not  
1 , 8-d ia z a f lu o r e n o l • However, due t o  th e  l im ite d  q u a n tity  o f  th e
unknown compound, fu r th er  s tr u c tu r a l  a n a ly s is  was n o t undertaken . 
b is  Cl »8-P ia z a f lu o r e n y lid e n e ) C^20) has been prepared by th e  UV induced
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condensation  o f  1 ,8-d ia z a f lu o r e n e  and k e to n e  2 . Dehydration o f  an in t e r -  
m ediate a lc o h o l a ffo rd ed  1 2 0 , 140
Phenyl 2 -p y r id y l keton e (121a) was t r e a te d  w ith  low v a le n t'WV\i
tita n iu m  (method a) t o  g iv e  n ot 1 , 2- d ip h e n y l - l , 2- k i s ( 2 1 -p y r id y l) -  
eth en e , hut ra th er  th e  product o f  sim p le  r e d u c t io n , phenyl ( 2- p y r id y l ) -  
m ethanol (122a ) and 1 , 2- d ip h e n y l - l ,2-h is_ (2 '-p y r id y l)e th a n e  ( l 2^a) (6%).
° ' A r = C 6 H5
b. Ar = 2 — pyr
The mass spectrum  o f  ethane 1 2 ^ . e x h ib ite d  a v ery  in te n se  peak (10C$)
bond. A ls o , b i s ( 2 -p y r id y l) keton e (1 2 1 b ), when tr e a te d  under th e  
c o n d it io n s  o f  method a or method b , t ita n iu m  t r ic h lo r id e - m e t a l l ic  
sodium, a ffo rd ed  predom inantly b i s ( 2-p y r id y l)m eth a n o l ( ^ 2]g), which  
undergoes a ir  o x id a t io n  to  g iv e  th e  s ta r t in g  k eton e  p lu s  s e v e r a l minor 
u n ch a ra cter ized  p ro d u cts .
C le a r ly ,'  a d i f f e r e n t  r e a c t io n  pathway was fa v o red  w ith  phenyl
120
a t m /e 168 due t o  th e  f a c i l e  fragm en ta tion  o f  th e  c e n tr a l b i s (b e n z y lic )
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2-p y r id y l ketone and b i s  (2 - p y r id y l ) k e to n e , in  w hich "both a s im p le  
red u c tio n  product and an eth an e  w ere o b ta in e d . In  ord er  to  accou nt 
fo r  th e s e  p r o d u cts , th e  f o l lo w in g  mechanisms are  p o s tu la te d  (Scheme 
X II ) .  F i r s t ,  e le c tr o n  t r a n s f e r  from tita n iu m  t o  th e  carb on y l m o ie ty  
produces a r a d ic a l  an ion  w hich  com plexes t ita n iu m , T his complex
a b s tr a c ts  a proton  from th e  s o lv e n t  t o  g iv e  ^ w h i c h  has th r e e  
v ia b le  pathw ays. H y d ro ly s is  o f  a ffo r d s  th e  predom inant p rod u ct, 
a lc o h o l D eoxygen ation  o f  t o  g iv e  th e  e th an e i s  e n v is io n e d
as o ccu rr in g  by e i t h e r  o f  th e  two r o u te s  d e p ic te d  in  Scheme X II, 
D eoxygenation  can a f fo r d  a  s t a b le  r a d ic a l ,  w hich d im er iz e s  t o  a ffo r d  
th e  eth an e or form ation  o f  com plex which d eoxygen ates t o  a ffo r d
th e  e th a n e . These mechanism s a re  th e  major r e a c t io n  pathways in  th e s e  
h e te r o c y c l ic  k e to n e s , w hich  p o s s e s s  a s i t e  o f  m eta l io n  co m p lexa tion .
O nychine, an A zaflu oren on e A lk a lo id . The s y n th e s is  o f  o n y ch in e , 
U -m e th y l-l-a za flu o ren o n e  (^2^ ) ,  w hich  i s  an a lk a lo id  i s o la t e d  from  
th e  tru n k  wood o f  Onychopetalum amazonicum (Annonocene) , 11+1 was 
attem p ted  s ta r t in g  from 1 -a z a f lu o r e n o n e .
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In  order t o  prepare on ych in e  from 1 -a z a f lu o r e n o n e , a 1 , ^ -a d d it io n  
t o  th e  h e te r o c y c l ic  r in g  w ould b e  r e q u ir e d , and 1 , 2 -a d d it io n  o f  th e  
carbonyl m o iety  would have t o  be m in im ized .
V ery few  exam ples o f  1 , ^ -a d d it io n  to  th e  p y r id in e  n u cleu s are  
known. Frank and Weatherbee^-4  ^ have r ep o rted  th e  o ccu rren ce  o f  1 ,^ -  
a d d it io n  in  p y r id y l compounds, in  w hich  n i c o t i n o n i t r i l e  r e a c te d
112
w ith  propylmagnesiura brom ide to  a f f o r d ,  a f t e r  d eh y d ro g en a tio n , p ro p y l  
3~C ^ -p rop y lp yrid y ll k e to n e  Cl2^1.
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Fuson and M il le r 143 a ls o  accom p lish ed  l , l i - a d d i t io n  to  3 -b e n z o y lp y r id in e  
and 3-b e n z o y lq u in o lin e  in  good y i e l d .
Ph 0  OH
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In  each o f  th e s e  ex a m p les , no a - s u b s t i t u t i o n  on th e  p y r id in e  n u c leu s  
occu rred .
Most exam ples o f  t h i s  ty p e  o f  a d d it io n  were l im it e d  t o  p y r id y l  
compounds th a t  have s tr o n g  e lec tr o n -w ith d ra w in g  g ro u p s , such as cyano, 
a t  th e  3 -  and /or 5- p o s i t i o n .  R ecent r e p o r t s , 144 in v o lv in g  work w ith  
a c r id in e  d e r iv a t iv e s ,  have shown th a t  l ,U - a d d it io n  can be accom p lish ed  
w ith ou t th e  p r e se n c e  o f  s tr o n g  e lec tr o n -w ith d ra w in g  s u b s t i t u e n t s ,  u s in g  
lith iu m  d im eth y lco p p er , w hich i s  known fo r  i t s  a b i l i t y  t o  undergo  
con ju g a te  a d d it io n . 145 The r e a c t io n  o f  a c r id in e  d e r iv a t iv e  w ith  
lith iu m  d im eth y lcop p er  i l l u s t r a t e s  t h i s  mode o f  c o n ju g a te  a d d it io n .
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In  ord er  t o  a v o id  th e  com petin g r e a c t io n s  o f  1 ,2 -  v s  1 - a d d it io n  
in  1 -a z a f lu o r e n o n e , th e  ca rb o n y l u n i t  was b lo c k e d  by k e t a l i z a t i o n  to  
g iv e  s p ir o [ 9 H - in d e n o [ 2 , l - b ] p y r id in e ] - 9 ,2 , - [ l , 3 ] - d i o x o l a n e  C3^6). The 
NMR spectrum  o f  k e t a l  shoved  t h a t  th e  hydrogens o f  th e  e th y le n e  
b r id g e  absorb  a t  and 6^ .7 0 , i n d ic a t iv e  o f  th e  d ia s t e r e o t o p ic
n atu re  o f  th e  g em in a l h y d ro g en s .
s s  T
The o r g a n o m e ta llic  r e a g e n t would now add t o  th e  ^ - p o s i t io n  o f  t h e  
p y r id y l  r in g  a s  in d ic a t e d  by th e  arrow  in  s t r u c tu r e  ^ 6 - However, 
when d io x o la n e  1^6 was t r e a te d  w ith  l i t h iu m  d im eth y lco p p er  under a 
w ide ran ge o f  te m p er a tu r e , no r e a c t io n  o ccu rred  and o n ly  unchanged  
s t a r t in g  m a t e r ia l  was i s o l a t e d .
P h en y l 2 -p y r id y l  k e to n e , w hich  se r v e d  a s  a  m odel f o r  1 - a z a f lu o r e -  
n on e, was a l s o  t r e a t e d  w ith  l i t h iu m  d im eth y lco p p er . P rodu ct a n a ly s is  
in d ic a te d  o n ly  t h e  p r e se n c e  o f  1- p h e n y l - l - ( 2 ' - p y r i d y l ) - 1- e t h a n o l ,  th e  
produ ct o f  1 ,2 - a d d i t io n .  As a c o n t r o l  t o  a s su r e  th e  q u a l i t y  o f  th e  
l i th iu m  d im eth y lco p p er  r e a g e n t , c ro to n a ld eh y d e  was t r e a t e d  w ith  t h i s  
copper r e a g e n t  t o  a f f o r d  b o th  th e  1 ,^ - a d d it io n  p r o d u c t , i s o v a le r a ld e -  
hyd e, and th e  1 ,2 - a d d i t io n  p r o d u c t , 3 - p e n t e n - 2 - o l . T h e r e fo r e , th e  
o r g a n o m e ta llic  r e a g e n t  was o f  s u f f i c i e n t  q u a l i t y ,  b u t d id  n o t g iv e  th e
llU
d e s ir e d  l , l* - a d d it io n  o f  e i t h e r  d io x o la n e  or  p h en y l 2 -p y r id y l  
k e t o n e .
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2 -P h e n y l-2 - (2 ' - p y r id y l  ) - l ,3 - d i o x o l a n e  was t r e a t e d  w ith
m ethylm agnesium  brom ide t o  a ttem p t 1 , 1+-a d d it io n ;  how ever, o n ly  
unchanged d io x o la n e  v a s  r e c o v e r e d .
These r e s u l t s  w ere n o t e n t i r e l y  u n ex p ec ted  in  l i g h t  o f  a ttem p ted  
1 , ^ -a d d it io n  t o  th e  in d e n o q u in o lin e  n u c le u s  1^8 . lltlta
N
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Product a n a ly s is  from  th e  r e a c t io n  o f  ^ 8  w ith  l i t h iu m  d im eth y lcop p er  
in d ic a te d  th a t  o n ly  1 , 2 - a d d it io n  had o ccu rred  t o  g iv e  a lc o h o l  
e x c lu s i v e ly .  Cromwell and M itsc k 11*6 a l s o  t r e a t e d  138 w ith  a  s e r i e s'Wb
o f  G rignard r e a g e n ts  and in  e v er y  c a s e  o b ta in e d  o n ly  th e  1 ,2 - a d d i t io n  
p ro d u ct. They s t a t e d  t h a t  138 showed no te n d e n c ie s  tow ard l ,U - a d d i t io n  
and p o s tu la te d  t h a t  th e  r e a so n  f o r  la c k  o f  l ,U - a d d i t io n  may l i e  in  th e  
i n a b i l i t y  o f  th e  5-membered r in g  t o  accommodate a dou ble  bond. Com­
parin g  in d en o q u in o lin o n e  138 w ith  d io x o la n e  1 3 6 , i t  was o b serv ed  th a tw \)  a/vb
in d en o q u in o lin o n e  138  sh o u ld  be more r e c e p t iv e  t o  1 , ^ -a d d it io n  th a nw o
d io x o la n e  1 3 6 , s in c e  in  138 th e  ca rb o n y l u n it  and th e  n itr o g e n  w ould  
both  enhance th e  r e a c t i v i t y  o f  th e  U -p o s it io n  and th er e b y  a f f o r d  a  
f a c i l e  a d d it io n  o f  t h e  copper r e a g e n t  a t  t h a t  p o s i t i o n .  In  d io x o la n e  
,3^6, th e  r e la t io n s h ip  o f  th e  p r o te c te d  ca rb o n y l u n i t  t o  th e  p o s i t i o n
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where a d d it io n  i s  d e s ir e d  i s  n o t 1,1* ( s e e  ^ 6 ) .  T h e r e fo r e , th e  
ca rb on y l does n o t a id  in  a c t iv a t io n  o f  t h a t  p o s i t io n  tow ards a d d it io n .
R e a c tio n s  in  r e la t e d  sy stem s a l s o  in d ic a t e  th a t  h e te r o a ro m a tic  
compounds c o n ta in in g  fu se d  r in g s  a r e  o f t e n  r e s i s t a n t  t o  1 ,U -a d d it io n .  
When a c r id in e  d e r iv a t iv e  was t r e a t e d  w ith  l ith iu m  d im eth y lco p p er , 
th e  r e a g e n t was consum ed, b u t o n ly  unchanged s t a r t in g  m a t e r ia l  was 
i s o la t e d .
.N
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A ls o , when b e n z o lf j q u in o l in e  l U l ,  t h e  a z a -a n a lo g  t o  p h en a n th ren e , was
tr e a te d  w ith  m e t h y ls u l f in y l  c a r b a n io n , no 1 , 1-a d d x tio n  t o  th e  p y r id y l
m o ie ty  o c c u r r e d . Only a d d it io n  t o  t h e  9 -  and 1 0 - p o s i t io n s  o ccu rred
t o  a f f o r d  JLU2 and r e s p e c t i v e l y .* 1*^
In  k e to n e s  c o n ta in in g  th e  p y r id y l  m o ie ty ,  in  ord er  t o  produce
l , l t - a d d i t io n  in  th e  p y r id in e  r in g ,  i t  i s  e s s e n t i a l  t h a t  a ca rb o n y l
u n it  b e  s i t u a t e d  so a s  t o  a c t iv a t e  th e  ^ - p o s i t i o n .  As 1^0 andc  <w v
d io x o la n e s  ^ 6  and 1^  c l e a r ly  d e m o n str a te , t h a t  w ith o u t an appro­
p r i a t e l y  s i t u a t e d  ca rb o n y l u n it  no l ,U - a d d i t io n  o c c u r s . A ls o ,  th e  
a b i l i t y  o f  n itr o g e n  t o  a c t iv a t e  a  p o s i t i o n  tow ard s l ,U - a d d i t io n  may 
be overshadow ed by o th er  e l e c t r o n ic  c o n s id e r a t io n s ,  such  as r e a c t i v i t y !
116
a s s o c ia te d  w ith  arom atic  c h a r a c te r , a s  seen  in  compound More
s p e c i f i c a l l y ,  a z a f lu o r e n o n e s  and r e la t e d  compounds appear t o  he  
r e s i s t a n t  t o  l ,U - a d d i t io n  t o  th e  p y r id y l  r i n g , 146 as in d ic a te d  hy th e  
example o f  in d en o q u in o lin o n e  1^8. The r e s u l t s  o b ta in e d  from th e  
r e a c t io n  o f  d io x o la n e  ^ i 6 w ith  l i th iu m  d im eth y lco p p er  a re  c o n s i s t e n t  
w ith  th e s e  c o n c lu s io n s .
I I .  O rganom eta llic  H e te r o c y c le s , P y r id in e  D ir ec te d  
R e t a l ia t io n  and P o ly m e ta lla te d  P y r id in e .
O rgan om eta llic  h e te r o c y c le s  encompass a  "broad and growing area  
o f  s y n th e t ic  c h e m is tr y . In  t h i s  s e c t io n  two s p e c i f i c  to p ic s  are con­
s id e re d : Ca) P y r id in e  D ir e c te d  R e t a l ia t io n s  and (h ) P o ly m e ta lla te d
P y r id in e . The su b s e c t io n  on p y r id in e  d ir e c t e d  m e ta l la t io n s  c o n s id e r s  
th e  u se  o f  th e  n itr o g e n  heteroatom  t o  g u id e  an o r g a n o m e ta llic  rea g en t  
t o  a s p e c i f i c  s i t e  p r io r  t o  m e t a l la t io n .  The d i l i t h i a t i o n  o f  h a lo -  
p y r id in e s  i s  d is c u s s e d  in  th e  su b s e c t io n  on p o ly m e ta lla te d  p y r id in e .
P y r id in e  D ir e c te d  R e t a l i a t i o n s . There are  numerous exam ples o f  
h eteroa tom s, such a s :  n it r o g e n , ph osp horus, s u l f u r ,  and oxygen , th a t
have been  u t i l i z e d  t o  d ir e c t  a m eta l t o  a s p e c i f i c  s i t e  on a  l ig a n d . 37-40  
I f  a m e t a l la t io n  r e a c t io n  o ccu rs a t  th a t  s i t e ,  a  new m eta l-ca rb o n  bond 
i s  form ed. T his c la s s  o f  r e a c t io n s  i s  o f t e n  c a l l e d  " c y c lo m e ta lla tio n "  
or "o r th o -m e ta l la t io n 11, i f  th e  m eta l i s  d ir e c te d  t o  th e  o r th o -p o s i t io n  
o f  an arom atic  r i n g . 30 A s ig n i f i c a n t  p ercen ta g e  o f  th e  exam ples o f  
d ir e c te d  m e t a l la t io n s  in v o lv e  t r a n s i t io n  m e ta ls .  A lk a l i  m e ta ls ,  such  
as l i t h iu m , are  a ls o  known t o  m e t a l la t e  a t  a s p e c i f i c  s i t e ,  when 
d ir e c te d  by n itr o g e n  o r  o th er  h e tero a to m s. 40-51 For exam ple, deuterium  
tra p p in g  exp erim en ts have shown th a t  p h en y l o x a z o lin e  undergoes o r th o -  
l i t h i a t i o n  upon trea tm en t w ith  n - b u t y l l i th iu m . 49 Slocum and J en n in g s51 
rep o rted  th a t  o r th o - l i t h i a t i o n  o ccu rs  in  a v a r ie t y  o f  s u b s t itu te d  
a n is o le s .  T h eir  d e t a i l e d  r e p o r t  p ro v id es  in s ig h t  in t o  r e g io s p e c i f i c  
m e ta lla t io n  o f  benzene and ranks th e  d ir e c t in g  a b i l i t y  o f  v a r io u s  p h en y l 
s u b s t i t u e n t s .
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A ttem pts were made to  l i t h i a t e  2 -p h e n y lp y r id in e  a t  th e  o r th o -  
p o s it io n  o f th e  p h en y l r in g  (Scheme X I I I ) .
SCHEME XIII
The tra p p in g  a g e n ts , r e p r e se n te d  "by E ( e l e c t r o p h i l e ) ,  were d e u te r io n
tr e a te d  w ith  one e q u iv a le n t  o f  n -b u ty l 1 ith iu m  a t  tem p eratu re ran g in g  
from -20°C t o  -90°C  and w ith  r e a c t io n  t im es  th a t  v a r ie d  from  0 .5  to  
6 h ou rs. At low  r e a c t io n  tem p eratures C-90°C) or 'w ith  sh o r t r e a c t io n  
tim es coup led  w ith  tem p eratu res o f  c a . - 60°C , o n ly  unchanged 2-p h e n y l­
p y r id in e  was r e c o v e r e d . When h ig h er  tem p eratu re  (-20°C ) was employed  
a -a d d it io n  o f  n -b u ty ll ith iu m  "became a  m ajor com peting r e a c t io n  a f fo r d in g  
6 -b u ty l-2 -p h e n y lp y r id in e . 6-B u ty l-2 -p h e n y lp y r id in e  was i d e n t i f i e d  "by 
HMR s p e c t r a l  d a ta , w hich  no lo n g e r  showed a  s ig n a l  due t o  th e  6-  
p y r id y l hydrogen "but e x h ib ite d  s ig n a ls  c h a r a c t e r i s t ic  o f  an n -b u ty l  
groups and by com parison o f  th e  p h y s ic a l  d a t a . ( b o i l in g  p o in t ) to  
l i t e r a t u r e  v a l u e s . U s i n g  r e a c t io n  t im es  o f  6 h o u rs , tem p eratu res  
o f  -50°C and tra p p in g  w ith  e th y l  c h lo ro fo rm a te , a  m ixtu re  o f  p rod u cts  
was o b ta in e d . Unchanged 2 -p h e n y lp y r id in e  was i s o la t e d  by f r a c t io n a l  
d i s t i l l a t i o n  le a v in g  a  crude h ig h  b o i l in g  r e s id u e ,  w hich was sep a ra ted  
v ia  p rep a ra tiv e  vpe t o  show th a t  6- b u t y l - 2-p h e n y lp y r id in e  was a g a in  th e
n— Bu
(from m ethanol-OD) and e th y l  ch lo ro fo rm a te . 2 -P h e n y lp y r id in e  was
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major component. A n a ly s is  o f  th e  o th e r  produ cts by NMR in d ic a te d  
t r a c e s  o f  e th y l  2 - ( 6 ' - b u t y lp y r id y l )b en zo a te  th e  produ ct o f
m e ta lla t io n  and s u b s t i t u t io n  had form ed. The NMR spectrum  o f  lUU ex h ib ­
i t e d  s ig n a ls  due to  both  th e  i i -b u ty l  group and th e  carb oeth oxy  group.
n-Bu C02Et f ( J l
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These r e s u l t s  in d ic a te d  th a t  a t  tem p eratu res below  c a . -65°C no
r e a c t io n  o ccu rred , w h ile  a t  -20°C  o n ly  s u b s t i t u t io n  o f  n j-b u ty llith iu m  
on th e  p y r id in e  r in g  o ccu rred , w hich i s  not an un exp ected  r e a c t io n .
When th e  r e a c t io n  tem p erature was c a .  -5 0 °C , th e  product a n a ly s is  
in d ic a te d  th a t  a c o m p e tit io n  betw een  s u b s t i t u t io n  and m e ta l la t io n  had 
tak en  p la c e . In r e la t e d  system s o th er  workers have found th a t  s im ila r  
co m p etit io n  r e a c t io n s  betw een s u b s t i t u t io n  and m e ta l la t io n  o ccu rred . 1*0 
When fe r r o c e n e  d e r iv a t iv e  was t r e a t e d  w ith  n -b u ty llith iu m  a t  
am bient tem p eratures and trap p ed  w ith  benzophenone, th e  m ajor p rodu ct, 
a r o se  from m e ta lla t io n  a t th e  2 - p o s i t i o n  o f  th e  c y c lo p e n ty l  r in g .  
However, a major component o f  t h i s  r e a c t io n  was a ls o  th e  product o f  
both  m e ta l la t io n  and s u b s t i t u t io n .  Booth and "Rockett1*0 rep o r ted  th a t  
as r e a c t io n  t im es  in c r e a se d  th e  amount o f  a -a d d it io n  t o  th e  p y r id in e  
r in g  a ls o  In c r e a se d . D ir e c te d  m e t a l la t io n  o f  b oth  2 -p h e n y lp y r id in e  
and fe r r o c e n y l p y r id in e  in v o lv e s  orth o  - l i t  h i a t  i  on o f  an arom atic  
n u cleu s  by means o f  th e  p y r id y l n itr o g e n  atom. T h e re fo r e , i t  was not  
u n exp ected  t o  f in d  th a t  b o th  system s e x h ib ite d  com peting r e a c t io n s ,  
s u b s t i t u t io n  and m e t a l la t io n .
The exam ples o f  th e  fe r r o c e n e  d e r iv a t iv e  s t i l l  do n o t a ffo r d  
th e  rea so n s  fo r  th e  g e n e r a l r e s i s t a n c e  o f  th e  p y r id y l n u c leu s  to
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d ir e c t  l i t h i a t i o n  t o  th e  p h en y l n u c le u s . One rea so n  i s  r e a c t io n  
tem p era tu re . T here i s  p o s s ib ly  a  narrow tem p eratu re  range (.c a . -5 0 °C )  
where m e ta l la t io n  o c c u r s  t o  a s i g n i f i c a n t  e x t e n t , h u t y e t  s u b s t i t u t io n  
i s  su p p ressed . A lso  a f a c t o r  t o  c o n s id e r  in  th e  d ir e c t e d  l i t h i a t i o n  
o f  th e  p h en y l r in g  i s  th e  e l e c t r o n ic  n a tu r e  o f  th e  o r th o -p o s i t io n  
p r io r  t o  m e t a l la t io n  and th e  e le c t r o n ic  req u irem en ts  n e c e s s a r y  f o r  
u - b u ty ll ith iu m  t o  m e t a l la t e ,  i . e .  th e  m echanism  by w hich l i t h i a t i o n  
p r o c ee d s . When a s u b s t r a t e ,  2 -p h e n y lp y r id in e , i s  t r e a te d  w ith  i i -  
b u t y l l i t h iu m , i t  i s  g e n e r a l ly  r e c o g n iz e d  t h a t  th e  n itr o g e n  h etero a to m  
i s  a b le  t o  s t a b i l i z e  th e  e l e c t r o p o s i t i v e  l i t h iu m  r e a g e n t and a l s o  
s t a b i l i z e  th e  o r th o - l i t h i a t e d  in te r m e d ia te . Xt i s ,  h ow ever, u n c e r ta in  
w hether th e  a c tu a l  l i t h i a t i o n  i s  o f  a n u c le o p h i l ic  or  e l e c t r o p h i l i c  
n a tu r e . Gilman1 1+8 o b serv ed  t h a t  n u c le o p h i l ic  and e l e c t r o p h i l i c  
l i t h i a t i o n  r e p r e s e n t  th e  l im i t in g  m echanism s o f  l i t h i a t i o n  and th a t  
depending upon th e  in d iv id u a l  r e a c t io n ,  l i t h i a t i o n  may l i e  c lo s e r  t o  
one o f  th e s e  l im i t in g  m echanism s. I t  i s  u n c e r ta in  w hich o f  th e s e  
l im it in g  m echanism s i s  fa v o red  in  th e  l i t h i a t i o n  o f  2 -p h e n y lp y r id in e .  
In  th e  c a se  o f  2 -p h e n y lp y r id in e , th e  e l e c t r o n ic  n a tu re  o f  th e  o r th o ­
p o s i t io n  a ls o  in f lu e n c e s  th e  r e a c t io n  c o u r s e . P y r id in e ,  an e le c t r o n -  
w ithdraw ing s u b s t i t u e n t ,  m ight d e a c t iv a t e  th e  o r th o -p o s i t i o n  tow ards  
m e ta l la t io n .
In  ccm p a r is io n  t o  d ir e c t e d  m e t a l la t io n  in v o lv in g  an a l k a l i  m e ta l ,  
d ir e c t e d  m e t a l la t io n  in v o lv in g  a  t r a n s i t i o n  m e ta l i s  f a i r l y  w e l l  
u n d e r s to o d .3?»38»**0 por exam ple, 2-p h e n y lp y r id in e  r e a c t s  r e a d i ly  w ith  
d il i th iu m  t e t r a c h lo r o p a l la d a t e ( l l )  t o  g iv e  a s  a  d im er . l lf9
A ll  ev id en ce  in d ic a te s  t h a t  t h i s  r e a c t io n  p ro ceed s hy an e l e c t r o p h i l i c  
arom atic s u b s t i t u t io n  pathw ay, b ecau se in  s im ila r  sy s te m s , th e  r e a c ­
t i v i t y  in c r e a se s  as th e  p h en y l r in g  becomes more e le c tr o n  r i c h . 150 B u t, 
as P a r s h a ll37 has n o te d , a com parison betw een l i t h i a t i o n  and p a lla d a -  
t io n  i s  probably not v a l i d  e s p e c ia l ly  in ' l i g h t  o f  th e  f a c t  th a t  
l i t h i a t i o n  o f  aren es i s  n o t an e l e c t r o p h i l i c  r e a c t io n .  T h e r e fo r e , 
th e  r e a c t io n  tem p era tu re , e le c t r o n ic  environm ent o f  th e  s i t e  t o  be  
m e ta lla te d , and th e  m e t a l la t in g  rea g en t in f lu e n c e  th e  r e a c t io n  p r o f i l e  
o f  d ir e c te d  m e ta l la t io n  r e a c t io n s  and a ls o  a id s  in  d eterm in in g  
whether m e ta l la t io n  or s u b s t i t u t io n  w i l l  o c cu r ,
P o ly m eta lla te d  P y r id in e . 2 ,6 -D ic h lo r o p y r id in e  does n o t undergo  
m eta l-h a lo g en  exch an ge, when tr e a te d  w ith  an o r g a n o m e ta llic  r e a g e n t ,  
such as n -b u ty ll ith iu m . Gilman and S p a tz52 r e p o r te d  th a t  3 ,5 -d ib ro m o -  
or 2 , 6-d ib rom op yrid ine  when t r e a te d  w ith  n -b u ty l l i t  hium under a w ide  
range o f  tem perature C-10°C t o  -30°C ) and v a r y in g  le n g th s  o f  r e a c t io n  
t im e , a ffo r d s  p rod u cts d e r iv ed  from a m on om eta lla ted  in te r m e d ia te  
P ark , Wagner, and Holm53 c i t i n g  G ilm an's stu d y  t h a t  2 , 6-d ib rom op yrid in e  
in  d ie th y l  e th er  produced o n ly  a m o n o lith ia te d  in te r m e d ia te , g en era ted  
2 - l ith io -6 -b r a m o p y r id in e  f o r  u se  a s  a s y n th e t ic  in te r m e d ia te . Other 
w orkers7 ’ 5lf have a ls o  r e p o r te d  th a t  d ib rom opyrid in e u ndergoes o n ly  
m o n o lith ia t io n . T h e r e fo r e , in  order t o  a c h ie v e  d im e t a l la t io n  o f
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p y r id in e  a t  th e  2-  and 6- p o s i t io n s ,  2 , 6 -d iio d o p y r id in e  was prepared .
E ith er  2 ,6 -d ib ro m o p y rid in e , or "better 2 , 6-d ic h lo r o p y r id in e , was 
tr e a te d  w ith  an ex ce ss  o f  sodium io d id e  in  r e f lu x in g  h yd ro iod ic  a c id ,
A f a c i l e  h a lo g en -h a logen  exchange occu rred  t o  a ffo rd  0*2%) 2 ,6 -d i io d o -  
p y r id in e  (lU 8 ) , as c o lo r le s s  n e e d le s .  Mass s p e c t r a l  data  showed a 
very in te n s e  parent io n  a t m /e 331 (100$) and a lo s s  o f  I  t o  g iv e  
m /e 20k {.C5H3NI} and m /e 77 (C5H3W), The NMR spectrum o f  2 ,6 -d i io d o -  
p y r id in e  e x h ib ite d  a t r i p l e t  a t  6 6 .98  fo r  th e  U -pyridyl hydrogen and 
a dou blet a t  67-73 fo r  th e  3 ,5 -p y r id y l  h yd rogen s. When 2 ,6 -d i io d o -  
p y r id in e  was tr e a te d  w ith  3 .8  e q u iv a le n ts  o f  n -b u ty llith iu m  a t  -90°C , 
m eta l-h a lo g en  exchange occu rred . The m e ta lla te d  in term ed ia te  was 
trapped w ith  carbon d io x id e , and subsequent e s t e r i f i c a t i o n  a ffo rd ed  
m ethyl 2 ,6 -p y r id in e d ic a r b o x y la te  (jL£(Da). A lso  i s o la t e d  was 2 -ca rb o -  
m eth oxyp yrid ine-6-c a r b o x y lic  a c id  • T h erefo re , d im e ta lla t io n
occurred and produced th e  2 , 6- d i l i t h io p y r id in e  ( ^ ^ ) -  Wo products 
a r is in g  from m onom etallated in ter m e d ia tes  w ere i s o la t e d  in  t h i s  
r e a c t io n .
S in ce  i t  was now known th a t  2 , 6- d i l i t h io p y r id in e  can be g en era ted , 
th e  r e a c t io n  o f  n -b u ty llith iu m  w ith  2 , 6-d ibram opyrid ine was r e in v e s t i ­
g a ted . As s ta te d  p r e v io u s ly , 2 ,6 -d ib ro m o p y rid in e  undergoes o n ly  mono- 
m e ta lla t io n  when tr e a te d  w ith  an e x c e ss  o f  n_-buty llith ium  a t  low  
tem perature in  d ie th y l  e th e r . The l i t e r a t u r e  rep o rts  on iy  th e  u se  o f  
d ie th y l e th e r  as th e  s o lv e n t  in  th e s e  r e a c t io n s  , 7 ,5 2 “ 51* T h erefore ,
THE was used  as th e  so lv e n t  in  t h i s  r e a c t io n  in  order t o  determ ine i f  
th e  so lv e n t  e f f e c t s  th e  r e a c t io n  c o u r se .
2 ,6-D ib rom opyrid ine was tr e a te d  w ith  n -b u ty llith iu m  in  a manner
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id e n t ic a l  t o  th a t  d e scr ib e d  fo r  2 ,6 -d i io d o p y r id in e ,  u s in g  THF as  th e  
s o lv e n t .  F o llo w in g  e s t e r i f i c a t i o n ,  m ethyl 2 ,6 -p y r id in e d ic a r b o x y la te  
Cl^Oji) was i s o l a t e d ,  in d ic a t in g  d im e ta lla t io n  had o c cu rr e d , A second  
p ro d u ct, m eth yl 2 -c h lo r o -6 -p y r id in e c a r b o x y la te , was a l s o  i s o l a t e d .
The c h lo r o -e s t e r  a r o se  from h a lo g en -h a lo g en  exchange t h a t  occu rred  
during th e  h y d ro ch lo r ic  a c id  c a ta ly z e d  e s t e r i f i c a t i o n  p ro ced u re . T his  
typ e  o f  h a lo g en -h a lo g en  exchange has been shown to  occu r in  s im ila r  
system s under th e s e  m ild  c o n d i t io n s ,7 T h erefore  in  THF, d im e ta l la t io n  
was a c h ie v e d , w h ile  in  d ie t h y l  e th e r  on ly  m o n om eta lla tion  o ccu rred .
There a re  o th er  exam ples o f  th e  enhanced s o lu b i l i z i n g  a b i l i t y  o f  THF 
over d ie th y l  e th er  e f f e c t in g  th e  r e a c t io n  o f  o r g a n o a lk a li com pounds.1^ 
The ex a c t p ro p erty  th a t  e n a b le s  THF t o  s o lu b i l i z e  o rg a n o lith iu m  r ea g e n ts  
b e t te r  th a n  d ie th y l  e th e r  i s  n o t w e l l  u n derstood  but such  f a c t o r s  as  
so lv e n t  d i e l e c t r i c  c o n s ta n t , b a s i c i t y  o f  th e  e th e r e a l  oxygen , and 
th e  number o f  a g g reg a tes  c e r t a in ly  are  in v o lv e d .115
The product y i e l d s ,  w hich a r i s e  from th e  d im e ta lla te d  in te r m e d ia te ,  
were lo w , on th e  order o f  c a . 10^ . Further exp erim en ts w ere conducted
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w ith  d i f f e r e n t  tr a p p in g  a g e n ts  in  order t o  more a c c u r a te ly  determ ine  
th e  e x a c t  q u a n tity  o f  2 , 6 - d i l i t h io p y r id in e  C l^ )  g e n e r a te d . I n te r ­
m ed iate  l j ^ ,  g e n e ra ted  from 2 ,6 -d ib r o m o p y r id in e , was trap p ed  w ith  
d im eth yl d i s u l f id e  t o  a f f o r d  2 , 6 -d ith iom eth oxyp yr  id in e  in  36-1*0# and 
2 -h ro m o-6 -th iom eth oxyp yrid in e  in  2 6 -2 8 # . In  a secon d  ex p erim en t, 2 ,6 -  
d i l i t h io p y r id in e  was trap p ed  w ith  m ethanol to  g iv e  p y r id in e  in  52-58#  
and 2-b rom opyrid ine in  7 -1 2 # . T h e re fo r e , th e  low  y i e l d s  o b ta in e d  from  
tra p p in g  w ith  carbon d io x id e  r e f l e c t  m ech an ica l l o s s  durin g  carb oxy- 
l a t i o n  fo llo w e d  by e s t e r i f i c a t i o n  and n o t th e  a c tu a l  amount o f  2 ,6 -  
d i l i t h io p y r id in e  form ed.
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"Proost and W ibaut5® p rep ared  th e  b i s - G rignard r e a g e n t o f  2 ,6 -  
d ib rom op yrid in e, 1^1* u s in g  th e  v ig o r o u s  c o n d it io n s  o f  G rign ard 's  
entrainm ent p r o c e d u r e . ^ !  T h eir  work was r ep ea ted  b ut in s te a d  o f  
tra p p in g  w ith  ben zald eh yd e or  a l l y l  brom ide, carbon d io x id e  was employed 
to  p ro v id e  an in s ta n ta n e o u s  quench. A fte r  e s t e r i f  i c a t i o n , ' d ie s t e r  
was i s o la t e d  a lon g  w ith  2 -e th y lp y r id in e  and unchanged d ib ro m o p y rid in e , 
in  low  y i e l d s  com parable t o  th e  above l i t h i a t i o n  p ro ced u re . T h erefore
2 , 6 -p y rid in eb is(m a g n esiu m  brom ide} can be g e n e ra ted . The f a c t  th a t  
t h i s  r ea g e n t i s  t a b le  in  r e f lu x in g  d ie t h y l  e t h e r ,  c o n tr a s t s  sh a r p ly  
w ith  2^6 - d i l i t h io p y r id in e  b e in g  u n s ta b le  above c a . -8 0 °C .
There a re  no known exam ples o f  system s th a t  a re  i s o e l e c t r o n ic  
w ith  2 , 6 - d i l i t h io p y r id in e ,  2-E rom opyridine does n o t m e t a l la t e  in  th e
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p resen ce  o f  n -b u ty ll ith iu m  even  a t  -1 1 0 °C .152 U n su b stitu te d  1 , 2 , 3 -  
t r ia z in e  i s  an unknown compound, a lth ou gh  t h e o r e t i c a l  c a lc u la t io n s  
p r e d ic t  i t  sh ou ld  he s t a b le  and e x h ib i t  a  s l i g h t  d egree  o f  e le c tr o n  
d e l o c a l i z a t i o n . T h e  p r e p a r a tio n  o f  s u b s t i t u t e d  1 , 2 ,3 - t r ia z in e s  
has r e c e n t ly  been r e p o r t e d . ^ - l | , 5 , 6 - T r i h a l o - l , 2 , 3 - t r i a z i n e  was 
prepared by t r e a t in g  te tr a h a lo c y c lo p r o p e n e  w ith  t r im e t h y l s i l y l  a z id e  
and (d ia lk y lam in o  Jcyclop rop en ylium  p e r c h lo r a te  a ffo rd ed  5 - d ia lk y l -  
a m in o -l, 2 ,3 - t r ia z in e  when t r e a t e d  w ith  p otassiu m  a z id e .
III. Synthesis of Heterocyclic Acetylenes and Related Derivatives.
T here a r e  numerous m ethods a v a i la b le  f o r  p r e p a r in g  a c e t y le n ic  
compounds, fo r  example d e h y d r o h a lo g e n a tio n , 6 5 *7D n u c le o p h i l ic  s u b s t i ­
t u t io n  em ploying a m eta l a c e t y l id e  , 66 and S tep h a n s-C a str o  c o u p lin g ,  
w hich em ploys copper t o  c o u p le  io d o a r e n e s  or io d o a lk e n e s . 155 T hese  
m ethods a r e  somewhat l im i t e d  in  sco p e  and o f t e n  em ploy v ig o r o u s  
r e a c t io n  c o n d it io n s .  ' There i s ,  h ow ever, a m ild , c o n v e n ie n t ,  c a t a l y t i c  
method o f  p rep a r in g  a v a r ie t y  o f  a c e t y le n ic  com pounds, th a t  has r e c e n t ly  
been  d is c o v e r e d . In o rd er  t o  p r e s e n t  th e  a d v a n ta g es  o f  t h i s  c a t a l y t i c  
p roced u re  fo r  p rep a r in g  a c e t y le n e s  and t o  d is c u s s  r e la t e d  t o p i c s ,  t h i s  
s e c t io n  i s  su b d iv id ed  in t o  two s e c t i o n s .  The f i r s t  s e c t i o n ,  S y n th e s is  
o f  H e te r o c y c l ic  A c e ty le n e s ,  d e a ls  w ith  two m ethods o f  s y n th e s iz in g  
a c e t y le n ic  compounds: th e  c a t a l y t i c  proced u re and th e  c o n v e n tio n a l
r o u t e ,  d eh y d ro h a lo g en a tio n . The secon d  s e c t i o n ,  S y n th e s is  o f  O rtho- 
p y r id in o p h a n e , c o n s id e r s  th e  h e t e r o c y c l ic  a c e t y le n e s  a s  s t a r t in g  
m a t e r ia ls  in  th e  p r e p a r a tio n  o f  an o r th o -c y c lo p h a n e .
S y n th e s is  o f  H e te r o c y c lic  A c e t y le n e s . A m ix tu r e  o f  d ic h lo r o b is -  
C tr ip h en y lp h o sp h in e )p a lla d iu m C ll)  and c o p p e r ( i)  io d id e  in  c a t a l y t i c  
amounts in  an a lk y la m in e  s o lv e n t  was s u c c e s s f u l ly  u se d  t o  p rep are a  
number o f  a c e t y le n ic  com pounds.61* The a c t iv e  c a t a l y s t ,  d ic h lo r o b is -  
C tr ip h en y lp h o sp h in e )p a lla d iu m {.II ) -co p p er  ( I ) io d id e  > in  th e  p r e s ­
ence o f  a lk y l  or a r y l  h a l id e s  and a  so u rce  o f  an a c e ty le n e ,-  e i t h e r  a c e ty ­
le n e  i t s e l f  or  an a lk y l  or a r y l, a c e t y le n e ,  c o u p le s  t h e s e  r e a c ta n ts  t o  
a f f o r d  co rresp o n d in g  a lk y l  o r  a r y la c e t y le n e .  B e fo re  p r e s e n t in g  th e  
h e t e r o c y c l i c  a c e ty le n e s  t h a t  w ere p rep ared  by t h i s  c a t a l y t i c  method a  
b r i e f  d e s c r ip t io n  o f  th e  m echanism  w i l l  f a c i l i t a t e  t h e  u n d ersta n d in g  o f
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th e s e  r e a c t io n s .
The proposed  m echanism 61* f o r  th e  c o u p lin g  p r o c e ss  i s  o u t l in e d  
in  Scheme XXV. P a lla d iu m ( I I ) i s  a lk y la te d  hy s u b s t i t u t io n  o f  th e  
c h lo r in e s  t o  g iv e  H ydroch loric  a c id  i s  g en era ted  in  t h i s  s te p  and
removed hy th e  s o lv e n t .  D e r iv a t iv e  u n d ergoes a r e d u c t iv e  e l im i ­
n a tio n  r e a c t io n  t o  produce h i s ( tr ip h e n y lp h o sp h in e )p a lla d iu m (.0) 
th e  c a t a ly t i c  s p e c ie s  and a  b u ta d iy n e . O x id a tiv e  a d d it io n  t o  ^,1^ by  
a l k y l  or  a r y l  h a l id e  fo llo w e d  by a lk y la t io n  a f fo r d s  w ith  p a llad iu m
in  th e  +2 o x id a t io n  s t a t e .  A r e d u c t iv e  e l im in a t io n  o ccu rs to  g iv e  th e  
d e s ir e d  a c e ty le n e  and t o  r eg e n e r a te  w hich  com p letes  th e  c a t a ly t i c
c y c le .
In  order t o  t e s t  th e  r e a c t io n  c o n d i t io n s , 2 -b rom opyrid ine and 2 -  
io d o p y r id in e  w ere t r e a t e d  w ith  th e  c a t a ly s t  and a c e ty le n e  in
d ie th y l  amine t o  g iv e  th e  known compound, bis_( 2 -p y r id y l)  a c e ty le n e  in  25% 
and hk% y i e l d ,  r e s p e c t iv e ly .  3 -C h lo ro p y r id in e  was r e a c te d  under th e  
same c o n d it io n s ,  but in s te a d  o f  o b ta in in g  th e  d e s ir e d  b i s ( 3 - p y r id y l ) 
a c e ty le n e , o n ly  unchanged 3 -c h lo r o p y r id in e  was i s o l a t e d .  When 8 -c h lo r o -  
q u in o lin e  was t r e a t e d  w ith  th e  c a t a ly s t  1 ^  and a c e ty le n e  u s in g  d ie t h y l -  
amine as  th e  s o lv e n t ,  no r e a c t io n  o ccu rred , o n ly  unchanged s t a r t in g  
m a te r ia l was o b ta in e d . T h ere fo re , h e t e r o c y c l ic  a c e t y le n e s  were s u c c e s s ­
f u l l y  prepared from bromo- or io d o - s u b s t r a t e s , w hereas c h lo r o -s u b s tr a te s  
proved t o  be u n r e a c t iv e ,  e . g .  8 -c h lo r o q u in o lin e  and 3 -c h lo r o p y r id in e .  
These r e s u l t s  in d ic a te d  th e  order o f  r e a c t i v i t y  t o  be I ,  Br > C l.
A lso , u t i l i z i n g  th e  y i e l d  data  fo r  b i s  (2 -p y r id y l  J a c e ty le n e  a s  a 
r e a c t iv i t y  gau ge , th e  io d o p y r id in e  was more r e a c t iv e  th an  b ram op yrid in e . 
T h erefo re , th e  ord er  o f  r e a c t i v i t y  was I  > Br > C l. T h is  r e a c t i v i t y  
order i s  ex p ressed  in  th e  o x id a t io n  a d d it io n  o f  th e  halocompound
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■to p a lla d iu m  Co) t o  g iv e  ^ j§ * 78 F i t t o n  and R ick 8-* r e la t e d  
t h i s  o b served  ord er o f  r e a c t i v i t y  t o  th e  le a v in g  a b i l i t y  o f  th e  
h a lid e  s e r i e s .  When p a lla d iu m  u n d erg o es  an o x id a t iv e  a d d it io n  w ith  
a h a lo  compound, th e  r a t e  d e term in in g  s t e p  appears t o  b e  th e  l o s s  o f  
h a l id e ,  r a th e r  than  th e  a d d it io n  o f  th e  m eta l t o  th e  a lk y l  or a r y l  
h a l id e .  I t  sh ou ld  a l s o  b e  n o te d  t h a t  e le c tr o n -w ith d r a w in g  sub­
s t i t u e n t s  enhance th e  r e a c t i v i t y  o f  a r y l  h a lo  compounds; 77 ,8 1
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B earin g  th e  above f a c t s  in  m ind , .J-^ 19155 sh o u ld  b e  an id e a l  sub­
s t r a t e  t o  r e a c t  w ith  c a t a l y s t  b eca u se  i t  p o s s e s s e s  an e le c t r o n - w it h ­
drawing grou p , p y r id in e ,  p a ra  t o  th e  s i t e  o f  r e a c t io n  and has a  brom ine 
s u b s t i t u e n t ,  which was p roven  t o  b e  o f  s u f f i c i e n t  r e a c t i v i t y .  However, 
when was tr e a te d  w ith  th e  p a lla d iu m -co p p er  c a t a l y s t  and a c e ty le n e  
in  d ie th y la m in e  o n ly  unchanged s t a r t in g  m a te r ia l  was r e c o v e r e d . T his  
u n r e a c t iv i t y  may be e x p la in e d  by a com p lex a tio n  o f  th e  p y r id y l  n itr o g e n  
w ith  th e  p a lla d iu m , th e r e b y  rem oving th e  r e a c t iv e  brom ine from th e  
p r o x im ity  o f  th e  m e ta l.
2 , 6-D ibrom opyrid ine was t r e a t e d  w ith  th e  c a t a l y s t  in  th e  
p r e se n c e  o f  a c e ty le n e  u s in g  t r ie th y la m in e  as th e  s o lv e n t  t o  g iv e  t h e  
e x p e c ted  a c e t y le n ic  p r o d u c t , b i s  12-(.6-bram o) pyr i d y l ]  a c e t y le n e  .
The overall y i e l d  (.21%) was o p t im iz e d  u s in g  a r e a c t io n  tim e  o f  th r e e  
hou rs a t  Uo°C. The m ass s p e c t r a l  d a ta  fo r  1 ^  showed an in t e n s e  
p a ren t io n  peak a t  m /e 338 (j.00#). and s e q u e n t ia l  l o s s  o f  brom ine to  
g iv e  s ig n a l s  a t  m /e 257 and 1 7 7 . The HMR spectrum  e x h ib ite d  a  
m u lt ip le t  a t  67*55? l^ U ’ - D i io d o t o la n ,  a  compound f u n c t io n a l ly  r e la t e d
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to  1 ^ >  hfl-s "been prepared by t h i s  same procedure s ta r t in g  from 1 ,U -  
d i i o d o b e n z e n e . 'When 2 ,6 -d ib ro m o p y rid in e  vas tr e a te d  w ith  th e  
c a t a ly s t  and a c e ty le n e  u s in g  d ie th y la m in e , in s te a d  o f  tr ie th y la m in e ,  
as th e  s o lv e n t ,  th e  r e a c t io n  product vas n o t th e  exp ected  a c e ty len e  
1£CF, but r a th e r  E - l , 2- b i s [  2 ' -  (.61 -b r  omo) pyr id y l  j  e th e n o l (^ 6 0 ). The 
E-isom er vas th e  o n ly  isom er o b ta in e d  from th e  r e a c t io n . Other workers 
have rep o rted  a s im ila r  predom inance o f  th e  t r a n s - iso m e r .* 57 Enol 
l 60 was o f  l im ite d  s o l u b i l i t y  in  m ost common org a n ic  s o lv e n t s ,
jOl jQl , -Ol'XAAj
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T h erefo re , t o  enhance s o l u b i l i t y  and to  a id  in  s tr u c tu r e  d e term in a tio n ,
th e  a c e t y l  d e r iv a t iv e  l 6 l  was prepared  by r e a c t in g  l6 o  w ith  a c e t ic
anhydride and p y r id in e .
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The HMR spectrum  o f  l 6 l  e x h ib ite d  s in g le t s  a t  62,  U9 fo r  th e  m ethylW b
group and a t 67*55 fo r  th e  tr a n s  o l e f i n i c  hydrogen.
The form ation  o f  en o l u s in g  th e  secondary am ine, d ie th y la m in e ,
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as th e  s o lv e n t  i s  e x p la in e d  by th e  n u c le o p h il ic  a d d it io n  o f  th e  so lv e n t  
t o  th e  a c e ty le n e  t o  an in te r m e d ia te  S c h i f f ' s  b a se  (Scheme XV).
SCHEME XV
F i r s t ,  th e  e x p ected  a c e ty le n e  1££ i s  p rod u ced , th en  under th e  p ro lon ged
r e a c t io n  c o n d it io n s , th e  secondary amine adds to  th e  t r i p l e  bond which
r e s u l t s  in  th e  fo rm ation  o f  a S c h i f f ' s  b a se  During aqueous w ork-
up, in ter m e d ia te  i s  h yd ro lyzed  to  th e  corresp on d in g  k e to n e
w hich ta u to m e r ize s  t o  e n o l l6 0 .  The f a c t  th a t  a c e ty le n e  1 ^  was
i s o la t e d  u s in g  tr ie th y la m in e  as th e  s o lv e n t  su p p orts th e  p o s tu la te d
mechanism d e p ic te d  in  Scheme XV. Any a d d it io n s  o f  th e  t e r t i a r y  am ine,
tr ie th y la m in e , t o  th e  t r i p l e  bond would be r e v e r s ib le .
A more c o n v e n tio n a l r o u te  u sed  in  th e  p r e p a r a tio n  o f  a c e ty le n e s
i s  dehydrohalogenation .® ®  1 ,2 - D iI 2 ' -  (6  '-h y d ro x y m eth y l)p y r id y lj- 1 , 2 -
dibrom oethane (^6^ .)  .was prepared  in  good y i e l d  by  t r e a t in g  1 , 2 - b i s -
1 2 1 -  ( 6 ' -h yd roxym eth y l) pyr id y l ]  eth en e  w ith  brom ine in  ch loroform .
The dibrom oethane ^6^1 was i s o la t e d  as a y e llo w -o ra n g e  powder th a t
decomposed a t  l8 5 °C . I t  was known th a t  dehydrobrom ination o f  compounds
s im ila r  to  165a were v e r y  s e n s i t i v e  to  r e a c t io n  c o n d it io n s  and th a t  <vw\>
debrom ination  o f  l ^ a  t o  g iv e  l£U a was p o s s i b l e . 70 F o llo w in g  th e  
procedure o f  Newkame and K oppersm ith, 70 w hich  em ploys th e  r a p id
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a d d it io n  o f  sm a ll amounts o f  th e  dibrom oethane t o  r e f lu x in g  m eth a n o lic  
potassiu m  h y d ro x id e , r e s u lt e d  in  dehrom ination  t o  r e g e n e r a te  (.ca, 65$ )  
eth en e l61ta. D if f e r e n t  s o lv e n t s  such as e th a n o l ,  t - h u t a n o l ,  and w ater:
OA/VOi ’  —  ’ 5
and v a r io u s  "base c o n c e n tr a t io n s  were employed in  hopes o f  circum ­
v e n tin g  th e  dehrom in ation  problem . But in  each  c a s e  th e  o n ly  i d e n t i -  
f i b l e  a c e t y le n ic  p rod u cts  r e s u l t e d  from d eh ro m in a tio n .
R N
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1 ,2 - D iI 2 ' -C 61 -m e t h y l ) p y r id y l j - l  ,2 -d ib rom oeth an e was p re­
pared hy t r e a t in g  th e  e th en e  w ith  hrom ine in  ch loro form . Dibromo-
ethane ^6^h was dehydrobrom inated fo l lo w in g  th e  p r e v io u s ly  d e scr ib e d  
procedure t o  a f fo r d  a c e ty le n e  ^66^ in  50$ y i e l d .  The f a c t  th a t  
can be dehydrobrom inated , w h ile  un dergoes o n ly  dehrom ination
in d ic a te s  t h a t  n o t o n ly  i s  dehydrobrom ination v e r y  s e n s i t i v e  to  
r e a c t io n  c o n d it io n s  b u t a ls o  to  s u b s t itu e n t  e f f e c t s , ■
S y n th e s is  o f  an O rth o-p yrid in op h an e. The in v e s t ig a t io n  o f  c y c lo -  
phane ch em istry  has p ro v id ed  much in s ig h t  in t o  nonbonded in t e r ­
a c t io n s 8 2 *85 and bond d e fo r m a tio n s .83 When th e  s y n th e s is  o f  was 
undertaken tw o s y n th e t ic  r o u te s  were c o n s id e r e d . These r o u te s  are  
shown in  Scheme XVI, B oth r o u te s  A and B b e g in  w ith  th e  h e te r o c y c l ic  
a c e ty le n e s  d is c u s s e d  in  th e  p rev io u s  s e c t io n  and e a c h 'r o u te  converges  
to  th e  th ia c y c lo p h a n e  ^68 w hich can be co n v erted  t o  th e  o r th o -p y r id in o -
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b i s l 2 - (.6 -B ro m o )p y r id y l]a ce ty len e  ( l£ £ )  was t r e a te d  w ith  2-p yron e
t o  g iv e  (28%) 1 , 2- h i s I 2 1 -  (.6 '-b ro m o )p y r id y l]b en zen e  (jg£^) j a s  c o lo r l e s s  
n e e d le s , v ia  a I^ + 2] c y c lo a d d it io n  fo llo w e d  by e lim in a t io n  o f  carbon  
d io x id e . The mass spectrum  o f  67a e x h ib ite d  s e q u e n t ia l  l o s s  o f  bromine
t o  g iv e  peaks a t  m /e 309 and 229- The HMR spectrum  showed a m u lt ip le t  
a t  5 7 .6 6  fo r  th e  p h en y l h yd rogen s. C on sid er in g  th e  y i e l d  (28%)  o f  th e  
c y c lo a d d it io n  r e a c t io n  and th e  y i e l d  (21$) o f  th e  r e a c t io n  to  p rep are  
a c e ty le n e  th e  o v e r a l l  y i e l d  o f  th e  f i r s t  two s te p s  was 6 $ , At
t h i s  p o in t  i t  was d ec id ed  r o u te  m ight be a more v ia b le  s y n th e t ic  
seq u en ce .
F o llo w in g  th e  p roced ure o f  p rev io u s  w orkers^21* b i s l 21 (6 -m e th y l) -  
p y r id y l]a c e ty le n e  ( l6 6 a )  was t r e a te d  w ith  2 -p yron e to  o b ta in  1 , 2 -b i s -  
12 T — C6' -m eth y lJ p y r id y l]b en zen e  (jS^b) in  6h%> y i e l d ,  a marked im prove-
i
ment over  th e  analogou s r e a c t io n  in  ro u te  A. D ip y r id y lb en zen e  6£b
13b
v a s  i s o la t e d  as a  h ig h ly  v is c o u s  o i l .  The NMR spectrum  (200MHz) o f  
6^b e x h ib ite d  a s in g le t  a t  62.1+9 due t o  th e  p y r id y l  m eth y l group , a 
t r i p l e t  a t  67 .3 5  fo r  th e  ^ -p y r id y l hydrogen, and d o u b le ts  a t  5 6 .8 2  
and 6 .9 8  f o r  th e  5 -  and 3 - p y r id y l  h yd rogen s, r e s p e c t iv e ly .  The a s s ig n ­
ment o f  th e  3> 5~p yrid yl hydrogens was based upon an a n a lo g y  to  2 -  
p h e n y lp y r id in e . The 5 -p y r id y l  hydrogen o f  2 -p h e n y lp y r id in e  absorbs  
f a r t h e s t  u p f ie ld  a t  6 6 . 9 9 . S im i la r ly ,  th e  5 -p y r id y l hydrogen o f  
would a ls o  be ex p ected  t o  absorb  f a r t h e s t  u p f ie ld  a t  6 6 .8 2 . The m eth yl 
groups o f  p y r id y lb en zen e  6 jb  underwent f r e e  r a d ic a l  b ram in ation  when 
tr e a te d  w ith  N -brom osuccinim ide CNBS) in  benzene w ith  ir r a d ia t io n  fo r  
12 h o u rs . V O gtle126 r ep o r ted  t h a t  t h i s  ty p e  o f  r e a c t io n  in v o lv in g  
p y r id y l compounds i s  v e r y  s e n s i t i v e  t o  r e a c t io n  c o n d it io n s  and th a t  
in  order to  a ch iev e  s id e  c h a in  bram in ation  ra th er  th an  r in g  b ro m in a tio n , 
benzene i s  th e  so lv e n t  o f  c h o ic e .  The r e a c t io n  y ie ld e d  a  red  o i l  which  
was shown t o  be a com plex m ix tu r e . I n te n s iv e  e f f o r t s  t o  se p a r a te  th e  
m ixture by chrom atographic means a ffo rd ed  th e  d e s ir e d  produ ct in  
7% y i e l d  and a  tr ib ro m in a ted  p rod u ct
170
HMR s p e c t r a l  data  fo r  l6 £  r e v e a le d  a s in g le t  a t  6^ .39  due t o  th e  bromo- 
s u b s t it u te d  m eth y len es and m u lt ip le t  a t  6 6 .9 5  to  6 7 .8 0  from  th e  
arom atic h yd rogens. The m ass spectrum  o f  l6|T showed th e  ex p ected  
s e q u e n t ia l  l o s s  o f  brom ine w ith  s ig n a ls  a t  m /e 339 and 2 5 7 . The NMR 
spectrum  o f  170 e x h ib ite d  a s i n g l e t  a t  6^ .39 fo r  th e  m eth y len e
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hydrogens and a ls o  a  s i n g l e t  a t  5 6 . U8 fo r  th e  hydrogen o f  th e  d ib rom i-  
n ated  car "bon. A weak p a ren t io n  peak a t  m /e ( k t k%) and peaks a t  
m /e 1*17, 3 3 7 , and 257 due t o  th e  s e q u e n t ia l  l o s s  o f  hrom ine ch arac­
t e r iz e d  th e  mass spectrum  o f
The c y c l i z a t io n  r e a c t io n  to  co n v er t t o  th e  cyclop h an e  
employed sodium su lf id e -n a n o h y d r a te  in  e th a n o l under h ig h  d i lu t io n  
c o n d it io n s . Cyclophane was o b ta in e d  as  a  near c o lo r l e s s  c r y s t a l ­
l i n e  compound. The WMR spectrum  (,200MHz) o f  th e  c y c l iz e d  compound 
e x h ib ite d  an u p f ie ld  s h i f t  o f  th e  m eth y len e  hydrogens t o  6 3 .8 3 , a doub­
l e t  a t  67 .03  due t o  th e  5 -p y r id y l h yd rogen , and a com plex arom atic  
r e g io n  cen tered  a t 57*60 . The mass s p e c t r a l  d a ta  showed an in te n s e '  
s ig n a l  a t  m /e 259 due t o  M -3 3  (1 0 0 $ ) and a weak p aren t io n  s ig n a l  a t  
m /e 292 . A lso , i s o la t e d  from th e  c y c l i z a t i o n  r e a c t io n  was d i t h i o l
SH
SH
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In  th e  mass spectrum  a p a ren t io n  s ig n a l  a t  m /e 32h and in  th e  HMR 
spectrum  a s ig n a l  a t  6 2 .5 5  th a t  exchanged w ith  deuterium  o x id e  con­
firm ed  th e  s tr u c tu r e  o f
The f i n a l  s te p  o f  t h i s  seq u en ce can  be c a r r ie d  o u t by t r e a t in g  
^ 8  w ith  t r ie th y lp h o s p h ite  under i l lu m in a t io n  fo r  c a . 12 hours t o  
a ffo r d  cyclophane . However, due t o  th e  l im ite d  amount o f  t h i a -  
cyclop hane ^68 a v a i la b le  t h i s  f i n a l  s te p  was n o t a ttem p ted .
Summary and Conclusions
Of th e  methods a v a i la b le  fo r  p rep arin g  a c t iv e  m eta l a c e t y l id e s ,  
four were ev a lu a ted  fo r  u se  in  th e  subsequent s y n th e s is  o f  a c e t y le n e -  
d io ls  th a t co n ta in  an a z a flu o r e n e  su b u n it. The fou r m eth od s/reagen ts  
ev a lu a ted  were: a c e ty le n e b i s (magnesium b rom id e), gen era ted  by p assage
o f  a c e ty len e  through a s o lu t io n  o f  m ethylmagnesium brom ide; sodium  
a c e t y l id e ,  gen era ted  by p a ssage  o f  a c e ty le n e  through a s o lu t io n  con­
ta in in g  an arom atic b a se  and sodium as a co u n ter io n ; sodium a c e t y l id e ,  
generated  in  s i t u  by t r e a t in g  1 ,2 -dibrom oethane w ith  sodium amide in  
hexam ethylphosphorus tr ia m id e  CHMPT); and lith iu m  a c e t y l id e  e th y le n e -  
diam ine com plex, a r e a c t iv e  m o n o lith ia te d  a c e t y l id e .  The most f r u i t ­
f u l  o f  th e se  methods f o r  th e  g e n e ra tio n  o f  an a c t iv e  m eta l a c e t y l id e  
proved to  be sodium a c e t y l id e  prepared  from th e  p assa g e  o f  a c e ty le n e  
through a s o lu t io n  c o n ta in in g  an arom atic b a se  and sodium c o u n ter io n . 
T his method was u t i l i z e d  t o  prepare 9 , 9 ’-e th y n y le n e b is -U ,5 -d ia z a -  
f lu o r e n - 9 -o l  C l l ) • The extrem e i n s o l u b i l i t y  o f  t h i s  a c e t y le n e - d io l  
p r o h ib ite d  co n v ersio n  t o  th e  corresp ond in g  cum ulene,
A low v a le n t  t ita n iu m  rea g en t g en era ted  from e ith e r  t ita n iu m  
t r ic h lo r id e - l i t h iu m  a ll m inium  h yd rid e  (method a ) or t ita n iu m  t r i c h l o -  
rid e-sod iu m  (method I d )  was u sed  t o  prepare a s e r ie s  o f  h e te r o c y c l ic  
o l e f i n s .  This low  v a le n t  t ita n iu m  rea g en t r e d u c t iv e ly  cou p les carb on yl 
su b s tr a te s  t o  th e  corresp on d in g  o l e f i n .  3 -B en zo y lp y r id in e  was tr e a te d  
under th e  c o n d it io n s  o f method a^  t o  a f fo r d  b o th  th e  IS and Z_ isom ers  
o f  l , 2 - d i p h e n y l - l , 2 - b i s (3*-p y r id y l)e th e n e  ( l l £ ) . A NMR E u -s h if t  stu d y  
confirm ed th e  id e n t i t y  o f  each  o f  th e  iso m ers . U ,5 -D iaza flu oren on e  
was tr e a te d  w ith  th e  low  v a le n t  t ita n iu m  rea g en t (method a) t o  o b ta in
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“b is  Q*, 5 -d ia z a f lu o r e n y lid e n e ) QjO). Treatm ent o f  an equal molar m ixtu re  
o f  1*, 5-d ia z a f  luorenone and 9 -flu o ren o n e  w ith  low  v a le n t  tita n iu m  
(method a ) a ffo rd ed  It, 5 -d ia z a f lu o r e n y lid e n e f lu o r e n e  ( ^ 8 ) .  I f  th e  
h e te r o c y c l ic  carbonyl su b s tr a te s  p o s se s s  a s i t e  o f  m eta l com p lexation , 
i t  i s  p o s tu la te d  th a t  a t ita n iu m  c h e la te d  in ter m e d ia te  form s. T his 
c h e la te d  in term ed ia te  pursues an a lte r n a te  r e a c t io n  pathway and a ffo rd s  
predom inantly th e  product o f  s im p le  red u c tio n  and a coupled  produ ct. 
Phenyl 2 -p y r id y l ketone a ffo rd ed  p h en y l(2 -p y r id y l)m eth a n o l and 1 ,2 -  
d ip h e n y l-1 ,2 -b is  (2 ’ -p y r id y l jethane (l2^Sa), when t r e a te d  w ith  th e  low  
v a le n t  tita n iu m  r ea g e n t. S im ila r ly ,  b i s ( 2 - p y r id y l) k eton e a ffo rd ed  b l s -  
( 2 -p y r id y l )m ethanol, when tr e a te d  under th e  c o n d it io n s  o f  method a_ or Is.
The p rep a ra tio n  o f  onychine (U -m e th y l- l-a z a f lu o r e n o n e ) , an 
a lk a lo id  i s o la t e d  from th e  trunk wood o f  Onychopetalum amazonicum 
(A nnonaceae), was attem pted s t a r t in g  from 1 -a z a flu o r e n o n e . In order  
t o  s y n th e s iz e  I t-m eth y l-l-a za flu o ren o n e  a l ,U -a d d it io n  to  th e  p y r id in e  
r in g  was n e c e ssa r y . To a v o id  1 ,2 - a d d it io n ,  th e  carb on yl u n it  o f  1 -  
a za flu oren on e  was b locked  by k e t a l i z a t io n  t o  a f fo r d  sp iro [9H -in d en o-  
iP j l - b J p y r id in e j ^ j S ' - I l j S j - d io x o la n e  C l^6). The d io x o la n e  1^6 proved  
t o  be r e s i s t a n t  to  l ,U -a d d it io n . When tr e a te d  w ith  l ith iu m  d im eth y l-  
copper, unchanged s ta r t in g  m a te r ia l was i s o la t e d .  S im ila r  system s have 
a ls o  proven t o  be r e s i s t a n t  to  t h i s  ty p e  o f  a d d it io n .
C y c lo m eta lla tio n  i s  a r e g io s p e c i f ic  method o f  in tro d u c in g  a sub­
s t i t u e n t  onto  a d e s ir e d  p o s it io n  on a l ig a n d . 2 -P h e n y lp y r id in e , when 
tr e a te d  w ith  r i-b u ty llith iu m  a t tem peratures ranging from -20°C t o  
-90°C undergoes a co m p etitio n  betw een o r th o -m e ta l la t io n  o f  th e  phenyl 
r in g  and a -a d d it io n  o f  n -b u ty llith iu m  to  th e  p y r id in e  r in g . E th y l 2 -
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( 6 ' -b u ty lp y r id y l)b e n z o a te  (1 W4) ,  6 -b u ty l-2 -p h e n y lp y r id in e , and un­
changed s ta r t in g  m a te r ia l  w ere th e  p ro d u cts  o f  t h i s  r e a c t io n .  S im ila r  
system s undergo t h i s  c o m p e tit io n  "between d ir e c t e d  m e ta l la t io n  and 
a -a d d it io n  to  th e  p y r id in e  r in g .
2 , 6 -D i l i th io p y r id in e  was g e n e ra ted  "by trea tm en t o f  e i t h e r  2 ,6 -  
d iio d o -  or 2 ,6 -d ib ro m o p y r id in e  w ith  e x c e ss  i i -b u ty l l ith iu m  in  t e t r a -  
hydrofuran CTHF) a t  - 90°C . The d i l i t h i a t e d  in te r m e d ia te  was trapp ed  
w ith  v a r io u s  e le c t r o p h i le s  such as  carbon d io x id e ., d im eth y l d i s u l f id e ,  
and deuterium  o x id e . P r e v io u s  a ttem p ts  t o  p rep are 2 , 6 - d i l i t h io p y r id in e  
by t r e a t in g  2 ,6 -d ib ro m o p y r id in e  in  d ie t h y l  e th e r  w ith  e x c e s s  n_-butyl- 
l ith iu m  r e s u lt e d  in  a m on om eta lla ted  in te r m e d ia te , e . g .  6-brom o-2- 
l i t h io p y r id i n e . T h e r e fo r e , in  th e  c a se  o f  2 ,6 -d ib ro m o p y r id in e  
changin g th e  so lv e n t  from  d ie t h y l  e th e r  to  THF a f f e c t s  th e  co u rse  o f  
th e  r e a c t io n .  2 ,6 -D iio d o p y r id in e  was prepared by t r e a t in g  e ith e r  2 ,6 -  
dibrom o- or 2 ,6 -d ic h lo r o p y r id in e  w ith  e x c e s s  sodium io d id e  in  
r e f lu x in g  h y d ro io d ie  a c id .
H e te r o c y c lic  a c e t y le n e s  w ere prepared  by tw o m ethods: a  dehydro-
h a lo g e n a tio n  r e a c t io n  and a s u b s t i t u t io n  r e a c t io n ,  which employed  
d ic h lo r o b is  C trip h en y lp h osp h in e)p a llad iu m (.II  ) - c o p p e r ( I ) io d id e  a s  a 
c a t a l y s t .  b is£ .2 -C 6 -M e th y l)p y r id y lJ a c e ty le n e  (^66^b) was prepared by 
t r e a t in g  1 ,2 - d i I 2 ' -C 6 1 -m e th y l)p y r id y l]-1 ,2 -d ib r o m o e th a n e  Q;66£) w ith  
a lc o h o l ic  potassium  h y d ro x id e , b i s l 2 - (.6 -B ro m o )p y rid y l]a ce ty len e  
was prepared  by t r e a t in g  2 ,6 -d ib ro m o p y r id in e  w ith  th e  c a t a l y s t ,  
d ic h lo r o b i s  C triph enylphosph ine )p a lla d iu m (.II  )-co p p er  C l) io d id e  and 
a c e t y le n e ,  em ploying t r ie th y la m in e  as th e  s o lv e n t .  When 2 ,6 -d ib rom o­
p y r id in e  was tr e a te d  w ith  th e  c a t a ly s t  and a c e ty le n e  in  d ie th y la m in e ,
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1 , 2 -b i s [ 2 ’- ( 6 1 -b rom o)p yrid y l] e th e n o l "was i s o la t e d  in s te a d  o f
th e  ex p ec ted  a c e ty le n e  The p o s tu la te d  mechanism t o  account fo r
th e  fo rm a tio n  o f  e th e n o l in v o lv e s  p r io r  fo rm ation  o f  th e  exp ected
a c e ty le n e  th en  subsequent a d d it io n  o f  th e  s o lv e n t ,  d ie th y la m in e ,
to  th e  a c e t y le n e .  H y d ro ly s is  o f  an in ter m e d ia te  im ine produces a 
k eto n e  w hich ta u ta m e r ize s  to  t h e  e th e n o l ^ 6 0 *
The p r e p a r a tio n  o f  b i s i  2 -  (,6-bromo )p y r id y l]  a c e ty le n e  and
b i s l 2 -C 6~m ethyl)p y r id y l ]a c e ty le n e  (^66^) a llo w ed  th e  co n v en ien t syn­
t h e s i s  o f  an o r th o -cy c lo p h a n e , w hich c o n ta in s  2 ,6 -p y r id in o  su b u n its .  
Treatm ent o f  th e  above a c e ty le n e s  w ith  2-p yron e a ffo r d e d  l , 2 - b i s ( 2 1-  
C6' -brom o)p y r id y l] benzene (6 ^ ,)  and 1 , 2 - b i s j  2 1 -  ( 6 ' -m e th y l)p y r id y  1 ] -  
benzene C6^b), r e s p e c t iv e ly .  B rom ination  o f  pyr id y l-b e n z e n e  6|j^ w ith  
N -brom osuccinim ide (.NBS) a ffo r d e d  1 , 2 -b i s I 2 * -  C6 1-brom om ethyl)p y r id y l] -  
benzene C y c liz a t io n  o f  1&£ w ith  sodium  su lf id e -n a n o h y d r a te  in
e th a n o l under h igh  d i lu t io n  c o n d it io n s  a ffo r d e d  th e  d e s ir e d  t h ia c y c lo -  
phane, 2 - t h i a [ 3 .0 .0 ]  (.2,6 )p y r id in o X l,2 )b en zen o C 2 ,6 )p y r id in o p h a n e  C^68) •
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